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| NTRCDUCTI ON. AND BACKGROUND

A H story

The California Qean Air Act (CCAA) as codified in the Health and
Safety Code (HSC) Sections 43013 and 43018 grants the ARB
authority to regul ate off-road nobil e source categories. These
categories include nmarine vessels, |oconotives, utility engines,
of f-road notorcycl es, and of f-hi ghway vehi cl es.

| n Decenber 1990, the Board approved em ssion control regul ations
for new snall off-road engines. Snall off-road engines include
bot h handhel d equi pnent (such as string trimers and chai n saws)
and nonhandhel d equi prent (such as | awn nowers and generators).

The smal| of f-road engi ne regul ati ons include exhaust em ssion
standards, em ssions test procedures, and provisions for warranty
and production conpliance prograns. (See Title 13, California
Code of Regul ations, sections 2400-2407 and t he docunents
incorporated therein). The snmall off-road engi ne category was
the first off-road category subject to em ssion contro
regul ati ons because its em ssions inpact was significant and
because a court order required Board action on the category by
January 1991. As initially adopted, the snall off-road engine
regul ati ons applied to engi nes produced on or after January 1,
1994. However, upon consideration of a petition filed by
industry, the Board in April 1993 del ayed i npl enentati on by one
year; this nmade the regul ati ons applicable to engines built on or
after January 1, 1995. On July 5, 1995, the Wnited States
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Envi ronnental Protection Agency (U S. EPA) approved California's
aut hori zation request, which nade the small off-road engi ne
regul ations the first enforceable California off-road em ssion
control regulations. The adopted regul ati ons consi st of two
tiers. The first tier of regulatory requirenments took place in
1995, while tier 2 becones effective in 1999.

On January 25, 1996, the ARB staff presented to the Board a
status report on the industry’ s progress towards neeting the Tier
2 (1999) reqgulatory requirenents. The Board directed the staff
to performadditional outreach and analysis of the snmall off-road
engi ne manufacturers’ capability of conplying with the 1999 Ti er
2 standards.

B. Recent Events

The ARB staff has net with various entities regarding the snall
of f-road engi ne regul ati ons since the January 1996 Board neeti ng.
The staff held general public workshops on May 22, 1996, and May
6-7, 1997; the staff held a workshop specifically to discuss the
em ssions inventory on Decenber 16, 1997. The staff al so net

wi th engi ne manufacturers, trade associ ations, em ssion control
manuf acturers and devel opers, and other interested parties in
numer ous i ndi vi dual neeti ngs.

Additionally, the U S EPA worked with nuch of industry and ot her
interested parties in a regulatory negotiation to develop a snall
engine regul ation for the rest of the nation. The participants
did agree that a programvirtually identical to the ARB Tier 1
programwas appropriate for Phase 1 of the federal program but
failed to reach a consensus with regards to a nore stringent
Phase 2 program However, much of the work done in the

regul atory negotiation was used as a basis for agreenents between
the U S. EPA and nuch of industry regardi ng Phase 2. The
agreenents, referred to as Statenents of Principles, listed
specific provisions that the U S. EPA would propose. The
Statenents of Principles were signed by much, but not all, of the
snmal | off-road engi ne industry.

The staff has used the information fromits own efforts and from
the regul atory negotiation to evaluate the industry’'s ability to
meet the 1999 standards. The staff’s proposal provides a
significant relaxation, in lead tine and stringency of the
adopted standards, for both handhel d and nonhandhel d equi pnent.
However, the handhel d and nonhandhel d portions of the industry
have not progressed equally. Specifically, in the case of
handhel d equi pnent, the staff concluded that several

manuf acturers had i ndependently devel oped strategies to conply
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with the 1999 standards, and that the nmanufacturers of handhel d
equi prent prinmarily needed a snmall anount of additional |ead
tinme, and flexibility in conpliance. Thus, the staff proposes to
delay the inplenmentation of the Tier 2 standards by one year
while retaining the emssion standard for snog form ng

hydr ocarbons (HC) and oxi des of nitrogen (NX). Relaxations of
the particulate matter (PM and carbon nonoxi de (GO standards,
and procedural changes to reduce conpliance costs, are al so
proposed. Additionally, the staff proposes alignment with U S
EPA prograns where possi bl e.

In the case of nonhandhel d equi pnent, industry ’s research efforts
indicated that the 1999 standards would be difficult to achi eve
inthe tinme allotted. Furthernore, new industry test data
indicated that engine deterioration resulting in increased

em ssions deterioration had been underestinated in the original
rul emaking efforts. As a result of this newinformation staff is
proposing to revise the emssion standards to reflect and, as a
result, reduce in-use emssion deterioration, relax the em ssion
standards to reflect the slower than antici pated devel opnent of

cl eaner technol ogi es, and provi de one additional year of |ead
tinme for conpliance. As wth handhel d equi prment, the staff
proposes alignnent with U S. EPA prograns where possible.

Finally, the staff has revised the emssions inventory for small
of f-road engines to incorporate updated information on
popul ati on, usage, and em ssion rates including in-use emssion
deterioration. The result is that the emssions inventory from
smal | of f-road engi nes approxi mately doubl es conpared to
estimates made in 1990.

The regul atory text of the staff proposal is contained in
Attachment A whereas the em ssions test procedures are contai ned
in Attachment B. The proposed revisions are intended to achi eve
significant emssions reductions beyond the Tier 1 levels while
providing industry with greater flexibility than the existing
regul ations. The effect of the revised regul atory changes and
the inproved emssions inventory on the State Inplenentation Pl an
obligations is discussed in detail in Section IV of this report.

1.  SUWARY CF ARB STAFF PRCPOSAL

Staff's nmeetings w th manufacturers have indicated that sone
changes to the existing regul ations are necessary; the staff
therefore recommends that the small off-road engine regul ations
be nodified to reflect the current technol ogi cal capabilities of
the industry. Additionally, staff has identified ways to provide
industry with greater flexibility in conpliance while maintaining
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the goal of reducing emssions. The proposed nodifications are
described briefly below, and are presented in nore detail in Part
11, D scussion.

A Applicability

The smal|l off-road engine requirenents currently apply to engi nes
bel ow 25 hp, with the exceptions of off-road recreational and
specialty vehicles and nmari ne propul si on engi nes. However,
specialty vehicles below 25 hp are currently required to neet the
same em ssions standards as other snall off-road engines. To
sinplify matters, the staff proposes to revise the regulations to
include all engines less than 25 hp that are used in nobile
applications, with the nore specific exceptions of off-road
notorcycles, all-terrain vehicles and engi nes used to propel

mari ne vessels or watercraft. New golf carts for use in areas
that do not neet the federal ozone standards will continue to
have a zero-em ssion requirenent.

The regul ati ons woul d continue to exclude construction and farm
equi prent engi nes, consistent with the 1990 dean Ar Act
Anendnents’ preenption of state authority, and the U S. EPA s
subsequent inplenmentation of that provision. Attachnment C has a
list of preenpted equipnent.

B. Handhel d/ Nonhandhel d D sti ncti on

The current snall off-road engine regul ations contain two najor
categories: "handhel d,” which includes products such as chain
saws, trimrers and | eaf blowers; and "nonhandhel d," which

i ncl udes products such as | awn nowers, edgers, punps, and
generators. In many cases, however, the introduction of very
small, portable products has blurred this distinction. The staff
therefore proposes to renove the distinction between handhel d and
nonhandhel d equi prent. Instead, staff proposes to base em ssions
standards sol el y on engi ne di spl acenent; engi nes 60 cubic
centineters (cc) and bel ow woul d be subject to em ssions
standards consistent with the capabilities of a clean handheld
engi ne, whil e engi nes above 60 cc woul d be subject to em ssions
standards consistent with the capabilities of a cl ean nonhandhel d
engi ne.

C 0- 60 cc ("Handhel d") Em ssi ons St andar ds

The staff proposes to extend the Tier 1 standards through 1999,
and institute new em ssions standards with the 2000 nodel year, a
one year delay. The adopted Tier 2 em ssions standards for
handhel d engi nes are presented bel ow, as are the proposed
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standards for conparison. The staff notes that the proposa
represents a relaxation of the adopted Tier 2 standards. The
adopted Tier 2 standards represent an 80 percent reduction from
uncontrol l ed HC+tNOX | evel s in 2010, whereas the proposal woul d be
a 74 percent reduction fromuncontrolled | evels in 2010. The
proposed conbi nati on of HC plus NOx and | ess stringent GO and PM
standards provide industry and consuners with greater flexibility
regardi ng the technol ogy for conpliance. A | em ssions standards
are presented in units of grans per brake horsepower-hour

(g9/ bhp-hr).

Table 1

Adopt ed & Pr oposed
0-60 cc Em ssions Standards

St andar ds

Year g/ bhp- hr
HC+NOX Q0 PM
1999 Adopt ed 50 HC, 4.0 NX 130 0.25
2000 Proposed 54 400 1.5

D. Qeater Than 60 cc ("Nonhandhel d") Em ssi ons St andar ds

The staff proposes to extend the Tier 1 standards through 1999,
and institute new Tier 2 em ssions standards with the 2000 nodel
year, a one year delay. The staff also proposes Tier 3 standards
whi ch would go into effect in 2004. The adopted Tier 2 em ssions
standards for nonhandhel d engi nes are presented bel ow, as are the
proposed standards for conparison
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Table 2

Adopt ed & Proposed
Qeater than 60 cc Em ssions Standards

St andar ds
Engi ne g/ bhp- hr
Year dass! | D spl acenent
HC+NO €0,
1999 1 &2 al | 3.2 100
Adopt ed
1 < 225 cc 12.0 410
2000
Pr oposed
2 > 225 cc 9.0 410
1 < 225 cc 9.0 410
2004
Pr oposed
2 > 225 cc 7.0 410

The proposed Tier 2 standards appear to be 3 to 4 tinmes |ess
stringent than the current standards. However, the new standards
woul d require manufacturers to denonstrate the durability of
their emssions controls, because testing showed that in-use

em ssions fromthese engines could be quite high. The result

will be lower in-use emssions over the life of the engines than
the original standards woul d achi eve. The proposed Tier 3
standards reflect the addition of |owcost, |owefficiency

catal ysts to the Tier 2 engines.

Overall, the staff proposal for engines greater than 60 cc

di spl acenment represents a relaxation of the adopted standards.
The adopted 1999 standards represent a 92 percent reduction from
uncontrol l ed HC+tNOX | evel s in 2010, whereas the proposal woul d be
a 67 percent reduction fromuncontrolled |levels in 2010.

'Engi ne class is based on the displ acement of the engines.
AQass 1 refers to engines less than 225 cc; dass 2 refers to
engi nes equal to or greater than 225 cc. Wal k-behind | awn nmowers
for residential use would typically use dass 1 engines.
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E Conpr essi on- | gni ti on Engi nes

The staff proposes to inplenent the Conpression-Ignition Engine
Statenent of Principles agreed upon by ARB, the U S. EPA and
various nenbers of the industry. The standards wll be

i npl enent ed t hroughout the nation and are shown bel ow.

Table 3

Conpression Ignition Engi ne Standards
ARB/ U. S. EPA/I ndustry Agreenent

Em ssi ons St andar ds
g/ bhp- hr
Year Hor sepower

NIVHCHNOX 00) PM
<11 7.8 6.0 0.75

2000
>11- <25 7.1 4.9 0.6
<11 5.6 6.0 0.6

2005
>11- <25 5.6 4.9 0.6

F. Em ssions Durability

The staff proposes to revise the regulations to ensure that
engines are "emssions durable,” i.e., controlled throughout
their useful lives, by requiring that nmanufacturers conduct a
durability denonstration as part of the certification process.
The staff proposes to differentiate engi nes based on an em ssi ons
durability period, simlar to the nethodol ogy used by the U S
EPA for small nonroad engines. Manufacturers woul d choose an
emssions durability period for each engine famly fromthe

peri ods shown in Table 4, bel ow



Tabl e 4

Em ssions Durability Periods

Engi ne S ze Durability Periods (hours)
0-60 cc 50 300
Above 60 cc 125 250 500

Manuf acturers would be required to note the durability period on
the engi ne | abel, on the equipnent |abel, on the equi prent box,
and in the owner's nanual .

G Aver agi ng, Banki ng, and Tradi ng

The staff proposes to allow corporate averagi ng to show
conpliance with the HC+NOx standard. For each engine famly, a
manuf acturer woul d determne the Famly Emssion Limt; the
Famly Emssion Limt would serve as the "em ssions standard" for
conpl i ance purposes. Individual Famly Emssion Limts coul d be
above the standard, provided the average of all a manufacturer’s
Famly Emssion Limts (weighted by power, |oad factor, sales and
durability period) net the standard. Averaging would be carried
out by an emssion reduction credits mechanism The proposed
credit programis simlar to that proposed by the US. EPA for
small nonroad engines. It is designed to provide industry the
flexibility to deal efficiently with problens such as | ow sal es
vol ume engi nes which woul d be particularly costly to control;
averagi ng woul d all ow manufacturers to focus their efforts on the
hi gher sales volunme famlies first.

H Producti on-Li ne Testi ng

The staff proposes that the current quality audit requirenents be
nodified to all ow manufacturers to follow a procedure simlar to
the U S EPA s Qunul ative Sum procedure. The Qumul ati ve Sum
procedure replicates the statistics of a federal conpliance
program known as a "Sel ective Enforcenent Audit,"” while providing
greater opportunity for a quick decision, thus reducing the

manuf acturer’s possible testing burden, particularly for those
engine famlies that consistently neet the standards by a w de
margin.  The m ni num nunber of tests required is only two, the
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maxi mumthirty, as conpared to the current program ’'s requirenent
that one percent of all engines be tested.

The staff has nodified the Qunul ati ve Sum procedure to ensure
year-round sanpling, but otherw se the programrenai ns nmuch the
sanme as the proposed federal program

| . Pr oducti on Em ssion Reduction Oedits

A manuf acturer woul d generate Producti on Em ssi on Reduction
Oedits when the final HC+NOx sanpl e nean (from production |ine
testing) of an engine famly is belowthe Famly Emssion Limt.
In this way, manufacturers wll receive consideration of the
"headroomi or conpliance nmargin that they have designed into
their engines. The staff proposes that production em ssion
reduction credits, being based on actual production engi nes,
could be used for certification and as a renedy for nonconpliance
of another engine famly; this would introduce anot her degree of
flexibility which does not exist in the current program

J. Smal | Vol une Manufacturers

The staff proposes to provide relief to manufacturers that
produce | ess than 500 engi nes annually for California by
sinplifying the certification requirenents.

K. Em ssions Warranty Parts List

Staff al so proposes to nodify the list of emssions-related parts
covered by the emssions warranty to include air filters and
pressure regul ators.

L. G her M scel l aneous Mdifications

The staff al so proposes to nmake ot her m scel |l aneous nodifications
to the regulations and test procedures to clarify or sinplify
exi sting | anguage.

1. DI SCUSSI ON OF RECOWENDED ACTI ON

The foll owi ng discussion of the staff’s proposal has been divi ded
into five sections: a section regarding the general
applicability of the regul ations, a section regardi ng sparKk-
ignition engines 60 cc displacenent and bel ow (handhel d), a
section regardi ng spark-ignition engi nes above 60 cc di spl acenent
(nonhandhel d), a section relevant to G engines, and a section
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concerning the other conpliance and manufacturer flexibility
options that the staff is proposing.

A Cener al

1. Applicability - The staff proposes to revise
the regulations to include all engines less than 25 hp that are
used in nobile applications, including specialty vehicle and gol f
cart engines bel ow 25 hp. Specialty vehicle engines are
currently regul ated under the off-highway recreational vehicle
sections of Title 13, California Code of Regul ations, although
they are required to neet the sanme standards as the engines in
this category. The engines are substantially simlar to other
engi nes covered by the small off-road engine regulations. Staff
bel i eves that the consolidation of the category will inprove the
admnistration, inplenmentation and enforcenent of the
regul ati ons.

Simlarly, the staff proposes that the regul ations will
explicitly apply to golf carts. Newgolf carts that will be used
in areas that neet the federal ozone standards will be required
to use certified engines. New golf carts for use in areas that
do not neet the federal ozone standards will continue to be
subject to a zero-em ssion requirenent.

The 1990 A ean Air Act Arendnents preenpt state authority to
establish emssions standards for new construction and farm

equi prent bel ow 175 hp. Thus, engines that neet the federal
definitions of construction or farmequi pment are not subject to
the existing standards, and would not be subject to this
proposal. There are a nunber of equi pnent types |ess than 25 hp
t hat have been determned to neet those definitions. These
include, but are not limted to, conpressors, chain saws 45 cc
and greater, tractors, welders, punps 40 cc and greater, and
stunp beaters. As noted previously, Attachnent C has a conplete
list of preenpted equipnent.

The staff al so proposes to specifically exclude engines used to
propel marine vessels fromthis category. Staff plans to propose
separate regul ations for those vessels which will address their
uni que operating characteristics.

Additionally, the staff proposes to further nodify the
applicability of the regulations to renove the provision that

i ncl udes engines that produce a rated power greater than 25 hp
but are governed to produce |ess than 25 hp. That provision has
caught some engines in a regulation that nay be inappropriate.
For instance, it includes sonme engines that are built on an
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autonoti ve base. Al though nost engines of that type would
normal |y be greater than 25 hp, and thus be included in an
upcom ng regul ation for engi nes greater than 25 hp, sone
applications involve governing the engine to a | evel that
produces less than 25 hp. The result can be that the engine
manuf act urer designs the engine in good faith expecting that it
woul d not be subject to the snall off-road engi ne regul ations,
but that the manufacturer’s custoner installs an engi ne speed
governor that reduces the usable power bel ow 25 hp and pl aces the
engi ne under these regulations. Since the engines wll be

regul ated under an upcomng rul enaking to | evels appropriate to
their autonotive origins, the staff believes that it is
appropriate to exclude themfromthe requirenents of the snall

of f-road engi ne category. The emssions effect of the proposed
change shoul d be negligible, as there are relatively few engines
that would fall under this provision, and they will ultimately be
regul at ed.

2. Handhel d/ Nonhandhel d Di stinction - The snal
of f-road engi ne regul ations currently draw a di stinction between
handhel d equi prent applications (e.g., chain saws) and
nonhandhel d equi prent applications (e.g., |lawn nowers). The
hi storical reason for this division was to ensure that nmulti-
posi tional equi pnent supported solely by the operator woul d be
able to continue to use two-stroke engines, despite their higher
em ssions, while other equi pment woul d have to use |l ower emtting
four-stroke engi nes. Two-stroke engines, although intrinsically
about ten times nore polluting than four-stroke engi nes, are
i ghtweight in conparison to the power they generate, and can be
used in any position.

Al though the distinction [argely succeeded in allow ng handhel d
applications to use lighter, multi-positional engines, the staff
and i ndustry encountered a nunber of difficulties with the
definitions. There was sone initial disagreenent, for instance,
as to whether an edger with one gui de wheel qualified as being
"fully supported by the operator,” and thus should be allowed to
use engi nes that coul d neet the handhel d standards, but not the
nonhandhel d standards. Staff and industry agree that setting an
engi ne standard based on the equi pnent application has been
sonewhat cl unsy, and has conplicated the certification process.

Upon review of certification data for non-preenpted engines, the
staff has determned that there is a natural break between
engi nes used in nost handhel d applications and engi nes used in
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nost nonhandhel d applications at about 60 cc 2. Below that |evel,

hi gh- speed, |ightwei ght engi nes, such as two-stroke engi nes or
smal | "handhel d* four-stroke engines, |ike those offered by Ryob
and Honda, are nost desirable. Above that |evel, |ower-speed

engi nes which are typically larger and heavier relative to their
power output are nore appropriate. A displacenent-based standard
woul d al | ow an engi ne manufacturer to have a single fixed
emssions target fromthe start of engine design. It would also
allow the ARB staff to nore efficiently carry out certification
and i nspection of engines in the category, by elimnating the
need to track down end-use applications, which soneti nes nmay be
far downstream of the actual engine manufacturer. Finally, the
staff believes that placing the division at 60 cc woul d provide
greater flexibility while avoiding the proliferation of dirtier
engines in traditionally nonhandhel d equi pnent such as | awn
nmowers. The staff believes that these reasons support the

del etion of the handhel d/ nonhandhel d distinction and its

repl acenent with a distinction between engi nes 60 cc and bel ow
and engi nes above 60 cc.

B. 0- 60 cc ("Handhel d") Engi nes

1. Technol ogy - Sone equi pnent types have
traditional |y used two-stroke engi nes because of the need for
['ight weight and nulti-positional operation. As noted
previously, the initial regulation distinguished between handhel d
and nonhandhel d applications, and all owed continued use of
hi gher-emtting two-stroke engines for handhel d equi pnent. Staff
proposes to continue this distinction which will allow sone
engines to emt at higher levels in return for |ighter weight and
mul ti-positional use, but base the distinction on factors
intrinsic to the engine rather than the application.

The existing Tier 2 standards that woul d apply to handhel d

engi nes (50 g/ bhp-hr HC, 4.0 g/ bhp-hr NX, 130 g/bhp-hr GO 0.25
g/ bhp-hr PM) were based on the assunption that nmanufacturers
woul d conply by installing 60-70 percent efficient catal ysts on
Tier 1 two-stroke engines. Recent data show that catal yst
efficiency has not reached this level, at least in this tine
frame. However, other alternatives, such as nodifications to the
basi c two-stroke engine or replacing it with a Iightweight, high
out put four-stroke engi ne, have been devel oped and

Al t hough commerci al -type chain saws may have di spl acenent s
greater than 60 cc, chain saws greater than 45 cc are preenpted,
and woul d not be affected by this proposal.
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commerci ali zed. PPEMA has suggested that California shoul d adopt
the U S. EPA Phase 2 standards, which are em ssions
durability-based standards designed to be 30 percent |ower than
the current Tier 1/Phase 1 new engi ne standards. However, the
U S. EPA Phase 2 standards will not achi eve the em ssions
reductions that California needs from handhel d equi pnent to
conply with the SIP. Table 5 conpares the U S. EPA proposal to
the ARB' s adopted standards and the staff’s proposal. The
staff’ s proposed HC+tNOx standards are about four tines |ess
stringent than the standards proposed for |arger engines; this
distinction is made in recognition of the unique characteristics
of these engines.

Table 5

Adopt ed & Proposed
0-60 cc Em ssions Standards

St andar ds
Year g/ bhp- hr
HC+NOX ) PM
ARB 1999 Adopt ed 50 HC, 4.0 NX 130 0.25
U S. EPA 2002-
2005 Proposed 3 128 600 N A
ARB 2000 Proposed 54 400 1.5

As nentioned above, several alternatives to the originally
envi si oned two-stroke engi ne/ catal yst conpliance strategy have
appeared. Various manufacturers have indicated that they can
meet the standards with small four-stroke engines, two-strokes
with direct fuel injection, or two-strokes with stratified
scavenging. Details on the current status of these technol ogies

‘The proposed U S. EPA standard s shown are for engi nes 20-50
cc, which conprise the overwhel mng majority of certified engines
60 cc or below in California. The proposed U S EPA standards
woul d be phased-in beginning in 2002, with full inplenentation by
2005.
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are provided bel ow, nore background detail was presented to the
Board in January, 1996 (see Attachment D).

a. Four - St roke Engi nes - Four-stroke engi nes
possess the advantage that the exhaust stroke does not expel mnuch
entering unburnt fuel, so engine-out HC em ssions are nmuch | owner
than a two-stroke engine. This is because exhausting the spent

gases and refilling the cylinder with a fresh air/fuel charge
happens sinul taneously in a two-stroke engi ne, but sequentially
in a four-stroke engine. |In the past, four-stroke engi nes have

not been able to operate nulti-positionally, due to |ubrication
probl ens, so four-strokes have not traditionally been used in
handhel d equi pnrent. The adoption of the 1999 standards, however,
caused manufacturers to reexamne the use of four-stroke engines
i n handhel d equi prent. Al though four-stroke engi nes were not a
consideration in developing the Tier 2 standards in 1990, the

t echnol ogy has progressed to the point where it is a likely power
source for nost handhel d equi prent.

Ryobi, for instance, has devel oped a nulti-positional handheld
four-stroke engine that can neet the adopted standards. Ryob
has publicly stated that the 1999 standards shoul d be retai ned
w thout change. A trimer with Ryobi’s engi ne has been on the
mar ket since 1994. The original trimmer Ryobi offered was in a
relatively high-end product, a common practice for the

i ntroduction of new technol ogy. Consuner surveys have indi cated
that users have found it acceptable, and Ryobi has indicated that
it plans to expand the application of its engine to | ower-cost
products. Ryobi representatives have al so stated that they plan
to introduce nore nodels in the next two years, ranging from 26
cc to 60 cc, to provide engines that can fill the entire | ess
than 60 cc di spl acenment range in both comrercial and residenti al
products. The new designs are expected to i nprove on the
ori gi nal nodel

In April of 1995, Ryobi announced that it was willing to |license
its four-stroke technology to other conpanies to assist themin
neeting the regulations. Ryobi has indicated that it is
currently having discussions with a nunber of manufacturers
regardi ng the production of four-stroke engines for those

manuf acturers. Further, although Ryobi is a high-vol une

manuf acturer of residential garden equipnent, it has al so entered
into a partnership w th Komatsu Zenoah to produce a four-stroke
engi ne appropriate for coomercial use later this year. Komatsu
Zenoah narkets equi pnment under the RedMax nane.

Honda has al so devel oped handhel d four-stroke engi nes that can
neet the 1999 standards. Honda has already certified 22 cc and
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31 cc engines, and has indicated that it wll nake handhel d

engi nes in other displacenents as well. Honda has extensive
experience w th high-output, |ightweight four-stroke engines,
primarily due to its notorcycle production. Honda has indicated
that it intends to use its engine in trimers, blowers, and
edgers. Honda had not previously offered handhel d equi pnent, but
evidently sees the regul ations as providing an opportunity to use
its expertise to enter a new nmarket. Honda has been produci ng
its trinmer since 1997.

Honda al so sells to other equiprent nmanufacturers. For 1998,
Maruyama is introducing two commrercial trimrers that utilize
Honda four-stroke engines. Maruyanma provided information to
Power Equi prrent Trade that notes that sonme advantages of the
four-stroke engine are no mxing of gas and oil, higher torque at
| ow engi ne speed, and ease of starting. Maruyana al so said that
"a typical conmmercial operator could easily save $200 in fuel and
2-stroke oil costs through the first year of operation.” 4

b. Fuel -1 nj ected Two-Stroke - Fuel injection
provi des better control of the amount and the timng of fuel
entering the cylinder. By limting the fuel admtted to the
anmount necessary for conbustion, and timng fuel introduction to
limt the fuel exiting with the exhaust gases, |ess unburnt fuel
exits the engine. The |oss of unburnt fuel is the primary cause
of the high HC em ssions fromtwo-stroke engines; nearly one
third of the fuel going into a conventional two-stroke engine
exits the exhaust pi pe unburned.

The use of fuel-injection to inprove the em ssions perfornance of
t wo- st roke engi nes has been investigated by several conpani es.
Stihl, a promnent German nmanufacturer, has devel oped a fuel -
injected unit that achieved | evels of 23.7 g/ bhp-hr HC+tNOx when
tested on a 71 cc chain saw engine. However, Stihl has indicated
that the cost increase associated with fuel -injected equi pnent
woul d be prohibitive (approxi mately a $200 increase in retail
price) >. Qven that the Stihl fuel injection system produces

em ssion | evels which are approxi mately one-half the proposed
standard, the staff believes that it may be possible for Stihl to
reduce the cost, at the expense of a nobdest em ssions increase

‘Power Equi pnent Trade, Decenber 1997

“Presentation for the CARB - W orkshop May 23, 1996, Exhaust
em ssion control systens and fuel systens”, May 16, 1996.
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whi ch woul d still enable the systemto nmeet the proposed standard.

G her conpani es have been even nore successful with fuel -
injection technologies. The ARB's Innovative ean Ar

Technol ogy (1 CAT) program enabl ed a consortiumof interested
parties, including BKM a research firm and the handhel d

equi prent manuf acturer, Tanaka, to develop a fuel injection
design that can attain the 1999 standards. Tanaka believes that
the systemis economcally viable, and has asked the staff to
mai ntain the 1999 standards. Early tests of the prototype unit
produced HC+HNOx em ssions results of 23.6 g/ bhp-hr 6

C. Stratified Scavengi ng Two- Stroke - Komat su
Zenoah, in addition to working with Ryobi to devel op a commerci a
version of the Ryobi handhel d four-stroke engi ne, found anot her
way to neet the 1999 standards. Komatsu Zenoah devel oped an
engine that uses an air bleed to reduce scavengi ng | osses. The
systemworks by injecting a "barrier" of air to separate the
incomng fuel fromthe expended charge that is bei ng exhausted.
The result is that Iess of the fresh (unburnt) fuel escapes, and
HC em ssions are dranmatically reduced. Test results of the
Komat su Zenoah engi ne indicate that the technol ogy can easily
neet the Tier 2 standard ’. Konatsu Zenoah plans to start
production of a California-certified engine with stratified
scavengi ng by the 2000 nodel year (see Attachnment E). The
Komat su Zenoah engine is particularly noteworthy because it
retains all the advantages of a conventional two-stroke:
i ghtweight, high power output, relatively sinple design, and
hence high potential for |ow cost versions. The fundanent al
i nprovenents to two-stroke engi nes devel oped by Komat su Zenoah
result in an engine which operates nearer to the chemcally
bal anced air/fuel ratio (rather than introducing | arge anmounts of
excess fuel), which translates into a very large inprovenent in
efficiency which is reflected in inproved fuel econony.

d. Two-Strokes with Catalysts - In addition to the
above technol ogi es, the staff believes that catalyst-equi pped
two-stroke engines still show promse with regards to neeting the

“Report, Fuel Systens Subgroup of the Technol ogy Task G oup,
to the Regulatory negotiation Commttee for Small Spark-1gnited
Engi nes < 19 kWphase 2 Rul emaki ng", Septenber 20, 1995.

'Soci ety of Autonotive Engi neers Paper No. 972114, "A Study
on Advanced Low Exhaust Em ssion Two-Stroke Engine" by Sawada
Wada, Noguchi, and Kobayashi, QOctober 1997.
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Tier 2 HC+tNOx standard. Husqgvarna has certified three "E-Tech”
engine famlies which involve sone internal engine nodifications,
as well as the use of a catalytic converter. Husgvarna announced
the catal yst technology in July 1996, stating that it could
achieve a |l evel 40 percent belowthe Tier 1 standard (108 g/ bhp-
hr HCis 40 percent below the Tier 1 standard of 180 g/ bhp-hr)
when new, and that it had the potential to achi eve en ssions

| evel s 60 percent below the Tier 1 standards (72 g/ bhp-hr). The
actual certification levels at a lean/lean setting are very cl ose
to the 54 g/bhp-hr standard; this shows significant prom se.

It remains to be seen how the systemworks over the useful life
of an engine. The industry is convinced that the emssions of a
two-stroke engine will not deteriorate with tinme. Thus, the only
deteriorati on expected would occur in the catalyst. Husqvarna
has not supplied staff with any data regarding the E Tech's

catal yst deterioration, but staff discussions with the

Manuf acturers of Em ssions Control s Associ ati on have indi cat ed
that deterioration is expected to be mnimal. Wth further

devel opnent, catal yst-equi pped two-stroke engi nes may play a
significant role in the category.

The E-Tech engines are currently on the nmarket, with little or no
increase in price fromHusqgvarna's earlier products. Husqgvarna
has not shared any information regarding future narketing plans,
but staff notes that the Poul an/ Wedeat er brands of products are
owned by the sane parent conpany, E ectrolux. Presunmably, the

E- Tech technol ogy coul d be shared anong all E ectrol ux brands.

Additionally, other manufacturers currently offer equipnent with
catal ytic converters in Europe, where use of catalytic converters
has succeeded economcally and with respect to custoner
acceptance. |In fact, the presence of a catalyst is sonetinmes
used as a marketing feature in Europe.

e. B ectric Equi pnent - Another option, at |east
for residential applications, is the use of electric equipnent.
B ectric equi pnent tends to be | ess expensive than the equival ent
gasol i ne- power ed equi pnent, w th conparabl e performance on
residential products. Staff investigated the products avail abl e
at several nass nmarket stores, and found a variety of corded
el ectric equi prent, including blowers, chain saws, trinmrers, and
hedge trimrers. Staff also found battery-powered trimrers and
hedge tri mrers.
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Staff does not believe that electric equipnment could serve as
readily in commercial uses, which typically require greater

nmobi lity than afforded by corded equi pnent and greater |ength of
operation than provided by battery-powered units.

The inportance of electric equipnent to the analysis is primarily
that it wll remain avail able as a consuner choi ce when gasoline
products experience nodest price increases to offset the cost of
emssions controls. Market shifts to electric equi pnrent woul d
produce additi onal em ssions benefits. Mst nanufacturers do
offer electric equi pment now, and expansion of their electric
product lines is an option they nmay choose.

f. Summary of Technical Qptions - Table 6, bel ow,
contains the |latest emssions results fromthe technol ogi es
descri bed above, as conpared with the EPA SOP standard | evel for
class 4 engines (20-50 cc), and the staff proposal. There are
numer ous technical options for conpliance with the staff
pr oposal .
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Tabl e 6

0-60 cc ("Handhel d') Engi ne Em ssions Capabilities

HC+NOXx Endine
Description Level (g/bhp- 9 Comments
Size
hr)
U.S. EPA SOP 128 20-50 cc | 128 g/bhp-hr is deteriorated level.
49.6 Catalyst-equipped two-stroke at
lean setting. Manufacturer
Husquarna E-Tech (new) 36¢cc | concerned about operability at lean
setting at certain operations.
Husgvarna E-Tech 49.9 3lcc
> (new)
Husgvarna E-Tech >°.9 25 cc
> (new)
48.8 Manufacturer has indicated that the
Ryobi Four-stroke ' 26 cc engine can be calibrated leaner.
(new) Minimal deterioration expected.
15.5 Some deterioration expected, but
Honda Four-Stroke ' 3lcc expected to meet 54 g/bhp-hr
(new) HC+NOX over useful life.
17.1
Honda Four-Stroke 22 cc
(new)
Breadboard system in U.S. EPA
ICAT BKM/Tanaka 23.6 66 cc tests. BKM/Tanaka almost ready
Fuel-I1njected Two-stroke for pre-production.
Komatsu Zenoah 325
Stratified Scavenging ' 34 cc Minimal deterioration expected.
Two-stroke (new)
Staff Proposal 54 0-60 cc Deteriorated level
2. Car bon Monoxi de and Particul ate Matter
St andar ds
a. Car bon Monoxi de - Many nmanufacturers have

ndi cated that the existing Tier 2 QO standards woul d prove an
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i npedi nent to control of HC and NOx. Specifically, industry has
argued that the high level of QO reduction needed woul d require
an oxidation catalyst, and that the heat generated by the CO
conversi on woul d becone anot her problemfor engi ne designers to
address. They further contend that if the regulation did not
requi re extensive QO reduction, technol ogi es other than oxidizing
catal ysts could be applied. For exanple, a reducing catal yst
woul d be effective in decreasing HCtNOx em ssions at a nore
reasonabl e tenperature, and woul d not have nuch effect on CO

em ssi ons.

Despi te the above technical argunents for relaxing the QO
standards, the staff has received some comments fromparties
opposi ng rel axati on, because significant concerns about the
health effects of COremain. There are still some counties in
California working to attain the anbi ent CO standards, although
nost counties have reached attainment. dven the above, the
staff proposes to relax the existing 1999 standard, but cap CO
em ssi ons from handhel d equi prrent. The proposed cap of 400

g/ bhp-hr is nore stringent than the Tier 1 standard of 600 g/ bhp-
hr, but should not be so stringent that it becones the prinmnary
concern when engi ne manufacturers choose control strategies for
their products. Mrtually all engines currently certified meet
this |evel.

b. Particul ate Matter - The existing 1999
standards include a PMstandard of 0.25 g/ bhp-hr. During
devel opnment of the SCP for handhel d equi prent, PPENA presented
information that suggests that PM em ssions fromtwo-stroke
gasol ine engines are unlikely to pose the sane risk to public
health as diesel PM PPEMA has argued that whereas diesel PMis
prinmarily carbonaceous material, PMfromtwo-stroke gasoline
engines is prinmarily conposed of hydrocarbons fromunburnt oil.
PPEMA has al so contended that neasures to reduce exhaust
hydr ocar bons woul d al so result in a reduction of PMem ssions and
that there is therefore no need for a separate PM standard.

Staff has carefully considered PPENVA' s argunents and agrees that
nmeasures to reduce HC woul d al so reduce two-stroke PM Further,
attaining the anbient particulate standards in California remains
a daunting chall enge which will require every possible control
nmeasure. The ARB and the air pollution control districts with

t he nost severe probl ens have devel oped plans to reach
attainnment, but will need to devel op new plans to conply with the
upcom ng revised federal particulate standards. Any action to
rel ax standards that have al ready been approved nust be carefully
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considered in that light. Staff does not, therefore, believe
that it is appropriate to propose the deletion of the PM
st andar d.

However, the staff believes that, as wth GO a relaxed standard
is appropriate at this time. Furthernore, because the sanpling
equi prent required for PMis extrenely expensive, the staff
proposes that conpliance with the proposed PM standard be

det erm ned through an engi neering eval uati on process, rather than
t hrough direct neasurenment. PPENMA has provided i nformation that
i ndicates that PM em ssions fromtwo-stroke engines will be no
greater than the HC emssions fromthe engi ne divided by the fue
to oil ratio used in the engine. For exanple, if a two-stroke
engi ne has HC em ssions of 50 g/bhp-hr, and a fuel to oil ratio
of 40 to 1, the PMem ssions woul d be expected to be no greater
than 50/40 or 1.25 g/bhp-hr. In fact, sanple data indicate that
the actual PMem ssions woul d be bel ow t hat upper bound. Thus,
adoption of this method of conpliance determnation shoul d
provi de conpliance with the standards equivalent to full testing,
while limting the burden on industry.

I ndustry has noted al so that the 0.25 g/ bhp-hr | evel anounts to
much nore stringent reduction of PMthan of any other pollutant.
The existing Tier 2 PMstandard was based on the assunption that
the primary conpliance techni que woul d be the use of catal yst-
equi pped two-stroke engines, which will probably not be the case.
Staff believes that the conjunction of these circunstances nake a
re-eval uation of the PMstandard appropri ate.

Staf f has exam ned nunerous industry subm ssions to determne a
PM | evel that achieves percentage reductions of a magnitude
simlar to the reductions acconplished by the tier 2 HC standard.
The information indicates that a PMstandard of 1.5 g/ bhp-hr
woul d be consistent with the HC em ssions associated with the
Tier 2 standards.

3. Lead Tinme - Since technol ogi es are avail abl e
that meet the proposed standards, the staff does not believe that
there is a technical need to extend the lead tine prior to
i npl ement ati on. However, because the regul ati ons woul d change
froma cal endar year basis to a nodel year basis, and from new
engi ne standards to emssions durability standards, staff
bel i eves that some extension of lead tinme is warranted.
Therefore, it proposes that for engines |ess than or equal to 60
cc in displacenent (handheld), industry be granted a one-year
extension of lead tine prior to the initial inplenentation.
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Thus, the staff proposes to continue the current (Tier 1)
standards through 1999; the proposed standards woul d begin with
t he 2000 nodel year. To reward those nmanufacturers who have
managed to neet the standards prior to 2000, the staff proposes
to anard credits for 1998 and 1999 production, as detailed in
section Il A (4). The staff's proposed handhel d engi ne

em ssions standards are sumari zed in Table 2.

4. Test Cycle - The current handheld test cycle
consists of 2 nodes: a full power node, weighted at 90 percent,
and an idle node weighted at 10 percent. Wrk recently perfornmed
as part of the U S EPA/industry regulatory negotiation effort
indicates that the test cycle could be nade nore representative
of actual operation by changing the nodal weighting so the ful
power node was wei ghted at 85 percent, and the idle node wei ghted
at 15 percent. The U S. EPA has proposed to nmake the change as
part of its Phase 2 rul emaki ng, and has support from nmuch of
industry, including PPEMA. The staff proposes to harnonize with
U S EPAon this issue by nodifying the test cycle used for
engines less than or equal to 60 cc in displacenent.

C Qeater than 60 cc ("Nonhandhel d') Spark-Ignition
Engi nes

1. Technol ogy - The existing Tier 2 standards for
nonhandhel d engi nes require a 3.2 g/bhp-hr HC+tNOx [evel in 1999.
That | evel was devel oped in 1990 fromthe assunption that
manuf acturers woul d be able to use 60-70%efficient catalysts on
Tier 1 overhead-val ve engi nes. A though significant work has
been done to approach those efficiency |levels, staff does not
believe that the 3.2 level is achievable by nost of the engi nes
in the category. Furthernore, the existing Tier 2 standards do
not address the issue of emssions deterioration. Investigations
conduct ed since 1990 have indicated that em ssions deterioration
fromthese engines can be quite significant. Therefore, the
staff proposes to relax the level of the existing standards, but
to also include provisions to control em ssions deterioration.

To provide tine for industry to nmake a technol ogical shift, the
standards woul d consist of two stages. The proposed Tier 2
standards woul d essentially require an early inplenentati on of
the federal Phase 2 standard for dass 2 engines, which wll
require manufacturers to control emssions durability at existing
emssions levels. Simlarly, the proposed Tier 2 standards for
Adass 1 engines will require manufacturers to control em ssions
durability at existing levels. The proposed Tier 3 standards are
based on the use of catalysts on the Tier 2 engines, but the
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efficiency of the catalysts is assuned to be | ower than
originally estimated in 1990.

The avail able information, including information provided by the
Engi ne Manufacturers Association (EMA), indicates that dass 1
(l'ess than 225 cc) side-valve engines in general deteriorate much
nore than A ass 2 (greater than 225 cc) side-val ve engi nes or
over head- val ve engi nes of either class. A though the staff takes
no position regardi ng how a nanufacturer neets the em ssions
standards, deterioration of emssions performance is a concern.
Accordingly, the staff disagrees with the approach taken in the
federal Statenent of Principles which includes standards that
allow for the continued use of Aass 1 engines with high
deterioration. As staff noted in 1990 and subsequently, it
bel i eves that standards based on the em ssions capabilities of
1990-type side-val ve engi nes woul d be insufficient for
California' s public health and air quality needs. Instead, staff
continues to take the position that the Tier 2 standards shoul d
be based on the capabilities of the nore efficient and durable
engines -- i.e., new dass 1 engines (whether side-valve or

over head-val ve) should initially be no dirtier than the current
d ass 1 overhead-val ve engi ne average certification val ues, and
that over the durability period the new Adass 1 engi nes shoul d
possess em ssions durability equivalent to that achi evabl e by an
over head- val ve engi ne.

The virtues of overhead-val ve engines are wi dely recogni zed. e
mass-narket retailer has touted the advantages in its advertising
literature, noting that overhead-val ve engi nes run cool er, use

| ess fuel, are quieter, and have up to 40 percent |onger life.
Thus, the staff believes its proposal would provide ancillary
benefits to consuners in addition to the em ssions reduction.

Staf f does expect that sonme manufacturers wll, for market
reasons, w sh to continue to produce side-val ve engi ne nodel s.
Certainly, manufacturers would be able to narket any side-val ve
engine that conplies with the standards, either directly or

t hrough averaging. It should also be noted that side-valve
engi nes capabl e of neeting the proposed standards woul d al nost
certainly provide the same benefits as overhead-val ve engi nes
not ed above, particularly with respect to fuel consunption and
durability. The standards renai n perfornmance-based;

manuf acturers will be able to use any technol ogy that
acconpl i shes the ultimate goal s.
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Al t hough sone engines are currently capable of neeting the

exi sting 3.2 g/bhp-hr HC+tNOx standard when new (see Table 6 for a
list of currently certified engine famlies that neet or approach
the 3.2 standard), those engines are suitable for only a limted
nunber of applications, and are nuch nore expensive than the
typical engine. Typically, the engines that approach the 3.2

g/ bhp-hr HC+tNOx standard are Liquefied Petrol eum Gas (LPGQ

engi nes equi pped with three-way catal ysts and cl osed-I|oop fuel
control which is simlar to autonotive technol ogy, although there
are sone gasoline engines that have attained equival ent |evels.
These |listed engines are intended primarily for use indoors, and
must neet other safety- and healt h-based requirenents that the
typical engine in this category does not. Additionally, the
listed engi nes are overwhel mngly used by businesses rather than
homeowners. Thus staff does not believe that the engi nes shown
in Table 7 represent the technical and economc capabilities of
al | engi nes bel ow 25 hp.

As noted above, the existing regulations do not limt the

em ssions deterioration of the engines. Therefore, the staff has
attenpted to strike a balance that partially offsets the

rel axation of the emssions requirenents by limting em ssions
deterioration. The staff believes that this will achieve
significant emssions reductions while maintaining overal

equi pnent availability. |In fact, the shift in enphasis from
control of new engine levels to control of em ssions
deterioration through the proposed standards described bel ow,
woul d provide benefits beyond those expected fromthe existing
1999 st andar ds.
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Table 7

Qurrently Certified Engine Famlies
That Meet or Approach the 3.2 g/ bhp-hr HC+tNOx Standard

Power
Vake Engi ne Fam |y HGENOX (hp) Appl i cati ons
Gener at or,
Daehung TDE180ULGLEA 4.2 5.0 Rotary Tiller
(Gasol i ne) Hydraul i ¢ Punp
Fl ex Fl oor Buffer,
Syst ens TFX570ULL2EA 2.4 2.0 Pol i sher
(LPG
Gener ac TAR16ULL1RB 4.5 8.3 Gener at or
(LPG
Fl oor Buffer, |awn
Kohl er SKH398ULL2EC 4.0 11.1 mower, Wility
(LPG
st er beke | VX7660U6G2EA 1.7 13.3 | Generator
(Gasol i ne)
W scon SWPS83ULXEA 2.2 18.0 | Punp, M xer
(Gasol i ne)
2. St andards - The existing 1999 standards were

set in 1990 based on the application of a 60-70 percent efficient
catal ytic converter to overhead-val ve engi nes, but did not

control deterioration; the proposed federal standards are not
based on the introduction of catalysts, but do establish limts
on deterioration. The staff’s proposal woul d acconplish both
goals: in the near-termit would require nanufacturers to
control deterioration by swtching to overhead-val ve engi nes or
durabl e side-valve engines, and in the md-termit woul d pronote
the use of catalytic converters on those inproved engines. Table
8 contains a conparison of the four sets of standards.
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Tabl e 8

Adopt ed & Proposed
Qeater than 60 cc Em ssions Standards

St andar ds
g/ bhp- hr
(G ass 1/dass 2) Det eri oration Requi r es
Year Cont r ol Cat al yst
HC+NO €0,
ARB 1999 3.2 100 No Yes
Adopt ed
US EPA 18.7/9.0 455 Yes No
2001- 2005
Pr oposed
ARB 2000 12.0/9.0 400 Yes No
Pr oposed
ARB 2004 9.0/7.0 400 Yes Yes
Pr oposed

a. HCtNOx - Staff determned the | evel s at which
to set the emssions standards by the methodol ogy descri bed
bel ow Essentially, the proposed Tier 2 standards are based on
the use of the lower emtting subgroup of federal Phase 2
engi nes, and the proposed Tier 3 standards are based on the use
of a Tier 2 engine wth a lowefficiency catalyst. Any
di screpancies are due to rounding the figures to one significant
deci nal pl ace.

i Proposed Tier 2 Standards

Adass 1 - The proposed federal dass 1 standard woul d not provide
sufficient pollution control for California s air quality needs.
However, the staff does believe that the Menoranda of
Under st andi ng negoti ated outsi de the federal rul emaking by the

U S. EPA and sone engi ne manufacturers contai n some prom sing
goals. The nenoranda require the two | argest engi ne



-27-

manuf acturers, Briggs & Stratton and Tecunseh, to devel op the
capacity to produce overhead-val ve engines for dass 1
applications. The anticipated result is that dass 1 engines
woul d feature cl eaner and nore durabl e technol ogy than they woul d
otherwi se. The staff developed a Qass 1 standard that it
believes is consistent with the stated goal s of those nenoranda.
The average of the current dass 1 overhead-val ve certification
levels is 8.7 g/bhp-hr. Miltiplying by a 1.3 deterioration
factor (DF), appropriate for the technol ogy invol ved, produced an
end-of-life (250 hours) level of 11.3 g/bhp-hr. The staff
realizes that attaining a DF of 1.3 nay be a chall enge for sone
engine nodels in this category, nost of which are relatively

i nexpensive. Therefore, staff also added a small conpliance
margin to yield a standard of 12.0 g/bhp-hr. Thus, this proposed
standard woul d essentially nodify the existing Tier 1 standard
froma new engi ne standard to an em ssions durability-based

st andar d.

The following table has a partial |ist of some of the currently
certified engine famlies that could conply with the proposed
Tier 2 standards if they have a DF of 1.3 over the em ssions
durability period. Al the engines |isted are gasoline engines
certified for California production in 1996. Al were brought
into conpliance with the Tier 1 regulations by relatively sinple
engi ne nodi fications.
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Table 9

d ass 1 Engi nes
Expected to neet the Proposed Tier 2 em ssions standards

Expected
Engine Family deteriorated Power
Make HC+NOx (hp) Applications
(If DF=1.3)
Briggs & General Utility,
Stratton SBS182U1G1RA 9.1 4.7 Generators
Briggs& | 155190U1G1RA 11.3 33 | WalkBehindLawn
Stratton Mower
Generac SGN212U 1G1R 96 6.6 Generator
THN196U1G1R Lawn Mower,
Honda A 8.7 6.5 Generator, Tiller
K awasaki SKA153U1G1R 115 40 Walk Behind Lawn
A M ower

Onan SN5197U1G1RA 10.3 5.8 Generator
Tecumseh TTP195U1G1RA 9.0 55 Tiller, Generator

Adass 2 - Determning the class 2 standard was si npl er, because
they are based on the federal Phase 2 |evels which staff agrees
are appropriate. The staff’s proposed Tier 2 standards woul d
encourage the early introducti on of federal Phase 2 engi nes, at
9.0 g/ bhp-hr HC+tNOx. [|f the methodol ogy for deriving the dass 1
engi ne standard is used here for the dass 2 engines, the derived
standard is consistent with the proposed | evel; the application
of a 1.3 DF to the average d ass 2 overhead-val ve certification

| evel of 6.8 g/bhp-hr provides a result of 8.8 g/bhp-hr.

The staff proposes that the Tier 2 standards be inplenented in
the 2000 nodel year. Sone delay is warranted by the change to
em ssions durability standards, but the delay should be m ninal,
because the new standards are a relaxation of the present Tier 2
standards schedul ed for 1999. The proposed standards and ot her
associ ated requirenents woul d al so be nore in harnony with the

U S. EPA Phase 2 prograns than the current standards woul d be.
Staff believes that a nunber of currently certified engi nes woul d
be capabl e of neeting the proposed 2000 standards; the engi ne
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famlies listed in Table 10 and others that coul d have been

i ncl uded conprise 31 percent of the annual O ass 2 sales.
Furthernore, the 2000 inplenmentation would allow industry to use
California as a proving ground for the inpending federal
requirenents and allow a slow increase in production of Tier

2/ Phase 2 engi nes.

Tabl e 10

d ass 2 Engi nes
Expected to neet the Proposed Tier 2 em ssions standards

Expected
deteriorated | power
Make Engine Family HC+NOX (hp) Applications
(If DF=1.3)
Briggs& | spsesU1G2RB 7.1 122 | L-@wn Tractor
Stratton
Briggs & SBS297U1G2RA 8.7 70 Generator, General Utility
Stratton
Lawn Tractor, Lawn
Honda THNG635U1G2RA 8.1 20.0 | Mower, Genera
Equipment
Kohler SKH398U1G2RB 78 140 | Lawn Tractor, Pressure
Washer
Lawn Mower, Welder,
Onan SN5390U1G2RA 7.7 14.0 | Pressure Washer,
Generator
Tecumseh TTP358U1G2RA 7.2 13.5 | Lawn Tractor
In general, fuel control is an inportant step in the control of
emssions fromsnall off-road engines. |nproved fuel control
wll |ower HC em ssions while inproving fuel econony, and will
make the addition of a |lowefficiency catalyst easier, if needed.
There are a nunber of ways to inprove fuel control, including

carburetor redesign and fuel injection, both of which can be
relatively costly in conparison to the cost of these engines.
There are al so other techniques that nmay prove nore appropriate
for these engines. For exanple, the Lean Power Corporation, has
successfully applied electronic air/fuel mxture control to
engines in this category, including Briggs & Stratton side-val ve
and over head-val ve engi nes and a Honda over head-val ve engine. In
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all cases, the Lean Power device reduced HC em ssions by allow ng
the engines to operate at a relatively |lean, but stable
condi tion.

The Lean Power device essentially |eans the engine out until it
detects any instability. At that point, the device corrects the
mxture with slight enrichment. The device can detect
instability well before the person using the engine, so the user
woul d not notice any difference between an engi ne equi pped wth
t he device and an engi ne without the device. Under transient
conditions and starting, the device reverts to the default
carburetor setting. Simlarly, when a load is applied to the
engi ne, enrichnent occurs to conpensate. The result is a well-
performng engine that continually runs as | ean as feasibl e,
greatly reducing HC emssions. Furthernore, the Lean Power
device or sonething that inposed simlar control of the air/fuel
m xture could hel p catal yst operation, by providing a consistent
m xture and noderating the extreme | ean and rich operation that
the engi ne mght otherw se experience.

ii. Proposed Tier 3 Standards

For the Tier 3 standards, staff assunmed the use of a catal yst
that woul d reduce HC+tNOx by 25 percent at the end of useful life.
For A ass 1 engines, the Tier 3 standard would require a catal yst
that could convert 3.0 g/bhp-hr HCGtNOx at the end of useful life.
That results in a Tier 3 standard of 9.0 g/bhp-hr.

For A ass 2 engines, staff assuned the use of a catalyst at the
same end of useful life efficiency noted above. At the end of
useful life, the engine-out emssions froma dass 2 engi ne woul d
be 9.0 g/bhp-hr. Thus, at the end of useful life, the catalyst
woul d need to reduce 2.3 g/ bhp-hr HCG-NOx (25 percent reduced).
Staff then added a snall conpliance margin to the resulting val ue
of 6.8 g/bhp-hr to determne the proposed 7.0 g/ bhp-hr standard.

Staff proposes to inplenent the catal yst-based standards in the
2004 nodel year, which would provide industry a four-year period
of stability between Tier 2 and Tier 3. Note that even the
proposed Tier 3 standards are a rel axation of both the em ssions
levels and the timng of the existing 1999 standards, but this
was necessary to require manufacturers to neet durability-based
st andar ds.
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Al though there are nmany types of equipnent with catal ytic
converters offered today (primarily in Europe), including tillers
and | awn nmowers, sone nanufacturers have expressed concerns about
the use of catalytic converters on this equipnent. The concerns
i ncl ude deactivation by operation with the manual choke on or

poi soning fromlubricating oil; efficiency limtations due to
packagi ng concerns; heat managenent, the engi ne/ equi pnent
packagi ng, and the cost (see Attachnent F). Essentially, those
concerns have all been addressed by the staff’s proposed

rel axati on.

Deactivation by operation with the choke onis primarily a
problemw th oxidation catalysts with air injection or
aspiration. The extra fuel introduced by choking then conbusts
in the catal yst, causing danmage through catal yst overheati ng.

The | owefficiency catal ysts envisioned by the staff proposal
wll not require air injection and should be resistant to choke
on operation. It is also possible to link the choke to an
engine's throttle |linkage so that the choke is autonatically

di sengaged when the throttle is advanced for the engine to accept
a | oad.

Deactivation fromlubricating oil contamnation is primarily
related to engine oil passing the engine's piston rings and val ve
gui des and entering the exhaust stream Additives in the oi

then coat the catal yst, reducing its activity. The extent of the
pr obl em depends upon overall oil consunption. One of the najor
contributors to oil consunption is cylinder bore distortion when
the engine is hot. This problemis nore severe with side-valve
engi nes than with overhead-val ve engi nes because a side-val ve's
exhaust port is adjacent to the cylinder and difficult to cool.
The industry trend to overhead-val ve engines is the obvious
solution to oil consunption problens. Qher approaches include
tighter manufacturing tol erances and the use of seals which limt
the oil available to the val ve gui des.

Efficiency limtation due to packagi ng constraints have been
addressed by the staff's use of a | owefficiency (25 percent)
assunption for the proposed Tier 3 standards. This allows the
use of small catal ysts which can usually be packaged in the
engine's muffler. Autonotive catalysts are larger relative to
engi ne size and are nore than 99 percent efficient.

The catal ysts being called for would al so be relatively
i nexpensi ve. The Manufacturers of Em ssions Controls Association
has indicated that nost catal ysts of this nature could be
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supplied to the engi ne manufacturers for $4.35 to $10.67 per unit
in small volumes, and $2.91 to $7.17 per unit if the marketpl ace
was sonmewhat |arger, and the effects of economes of scale and

i ncreased conpetition could take effect. Mre details on the
costs are included in the Cost-Effectiveness Section.

Finally, staff w shes to enphasize that the catalysts it has
exam ned woul d not be the expensive, |imted-volune systens that
currently exist for floor polishers and other equi pnent intended
for indoor use. As noted previously, staff agrees that those
systens, which nust reduce CO by a very | arge anount, woul d be
inappropriate for nost of the engi nes and equi prent under

di scussion. The staff is proposing the introduction of snaller,
| ess expensive catal ysts that would not be required to neet the
demands asked of catal ysts for indoor equipnent.

b. Carbon Monoxide - As with the GO em ssions from
the 0-60 cc equi pnent, and for much the sane reasons, the staff
proposes that QGO |l evels be capped at the 1996 standard | eve
(350 g/ bhp-hr when new). Because the 1996 standard is a new
engi ne standard, staff has applied the U S EPA s QO DF of 1.17
and determned that the equally stringent emssions durability
| evel would be 410 g/ bhp-hr at the end of useful life.

3. Lead Tinme - Mdst of the argunments for extra
| ead tine have been touched on above. Since the proposed
standards are in sone ways a relaxation of the existing tier 2
standards, little lead tinme should be required prior to
i npl enentati on. However, the staff recognizes that the change in
regul ations froma new engi ne standard to an emssions durability
standard shoul d be acconpani ed with an additional year of |ead
time for manufacturers to adjust. Therefore, the staff proposes
toretain the current (Tier 1) standards through 1999, and
i npl ement the proposed Tier 2 standards begi nning i n 2000, and
the proposed Tier 3 standards in 2004 (see Table 2).

The proposal overall is a relaxation of the 1999 standard for new
nonhandhel d engines, in return for a greater assurance of control
of em ssions throughout the engine’ s useful life.

D. Conpr essi on- 1 gni ti on Engi nes

The staff proposes that the current (Tier 1) standards for
conpression-ignition engines be retained until 2000, at which
time the conpression-ignition Statenment of Principles that ARB,
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U S. EPA and various industry menbers have agreed upon woul d take
effect. The O SCP standards would be a rel axation of the

exi sting 1999 standards; however, the staff does not believe that
a 3.2 g/bhp-hr HCtNOx standard is attainable in the prescribed
tinme period. Mreover, the G SCP will provide benefits
sufficient to achieve the ARB's M & MO SIP neasures, while

provi ding California/ Federal harnonization of the regul ati ons and
t he assurance of control over preenpted farmand construction

equi pnent engines. The SCP standard | evels for HCtNOX, QO and PM
are shown in Table 3.

The staff is proposing regulatory | anguage that is consistent
with the | anguage proposed by US. EPAin its Notice of Proposed
Rulemaking in late 1997. The staff notes that the final |anguage
to inplement the conpression-ignition engine SCP has not yet been
approved; if the final federal programis substantially
different, the staff will return to the Board to propose further
alignnent of the two prograns.

E QG her Aspects of the Staff Proposal

1. Em ssions Durability - As nentioned above in
t he standards discussion, the adopted 1999 snall off-road engi ne
regul ations require that engi nes neet the em ssions standards
only when new, allowi ng the deterioration of em ssions
performance to proceed unchecked. Wen the regul ati ons were
adopted in 1990, industry and staff believed that snall off-road
engi nes did not appreciably deteriorate. This belief was based
on informati on gathered prinmarily fromuncontrolled engi nes
running at very rich settings. Subsequent information, including
that generated during the U S. EPA s regul atory negotiation wth
i ndustry, has shown that such an assunption does not necessarily
hold for controlled engines. Therefore, the staff proposes to
revise the regulations to ensure that engines are "em ssions
durable,” i.e., controlled throughout their useful life. To
acconplish this, staff proposes that certification testing be
done simlarly to the current durability protocol followed for
aut onobi l e certification

a. Em ssions Durability Period - The staff
proposes to differentiate engi nes based on expected useful life.
Manuf acturers woul d be abl e to choose between three em ssions
durability periods for engines greater than 60 cc; nanufacturers
of engines 60 cc and bel ow woul d be able to choose fromtwo
em ssions durability periods (the emssions durability periods
are simlar to those detailed in the handhel d equi pnent Statenent
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of Principles agreed upon by industry and U S. EPA). The staff
bel i eves that market forces woul d encourage nmanufacturers to
choose appropriate useful life periods for their engines. The
em ssions durability periods would apply to spark-ignition

engi nes only; conpression-ignition engines would be subject to
the useful-l1ife and conpliance periods detailed in the U S EPA
regul atory proposal devel oped to inpl ement the Conpression-
Ignition Statenment of Principles (Attachnent G. The em ssions
durability periods are detailed in Table 11.

Tabl e 11

Em ssions Durability Periods

Engi ne S ze Durability Periods (hours)
0-60 cc 50 300
Above 60 cc 125 250 500

Al t hough the em ssions conpliance woul d be based on a given
durability period, the standards would not differ from one
durability period to another. A manufacturer that chose the

500- hour durability period for marketing reasons woul d have to
nmeet the standard at 500 hours, while one that chose the 125-hour
durability period would have to neet the sane |evel at the
shorter nunber of hours.

A virtue of the emssion durability period is that it provides
consuners wth a greater anount of information on which to base a
purchase. Therefore, the staff proposes that nmanufacturers be
required to note the durability period on the engine | abel, on

t he equi pnent | abel, on the equi pnent box, and in the owner's
manual . The staff believes that this will result in products
that have emssions durability commensurate with their nechanica
durability, as consuners make inforned decisions regarding their
pur chases.

b. Deterioration Factors - Staff proposes to
use a deterioration factor (DF) to represent the deterioration
expected of an engine at the end of its emssions durability
period. To establish a DF the manufacturer woul d test one engine
at zero hours, at the mddle of the durability period and at the
end of the durability period. The nanufacturer woul d be all owed,
but not required, to test at additional points at equal intervals
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bet ween zero hours and the end of the durability period. The
manuf acturer may al so choose to replicate tests for greater
certainty. The manufacturer would fit a line to those points,
and determne the DF by calculating the value for the end of the
em ssions durability period and dividing that value by the val ue
at zero hours. The DF would be nultiplied by the zero-hour

em ssi ons whenever an engi ne was tested for conpliance purposes,
alleviating the need to performcostly engi ne agi ng on each

engi ne tested under new engi ne conpliance or production |ine
testing.

2. Aver agi ng, Banking and Trading of Credits -
Staff proposes to all ow manufacturers to denonstrate
certification conpliance to the HGtNOx standards based on the
wei ght ed corporate average em ssions. The wei ghted corporate
average em ssions woul d be determned by the emssions durability
| evel s, weighted by sales, power, |oad factor, and useful life.
Overall, the staff believes that the averaging, banking and
tradi ng programwoul d enabl e a manufacturer to devel op an
em ssions control strategy tailored to the specifics of that
manuf acturer's design and production practices. This would allow
a manufacturer to utilize its resources in the nost economcally
efficient way, and should result in lower costs. For exanple, a
manuf acturer could target one engine line for |arge reductions
because that engine can be cheaply controlled, and coul d forego
expensi ve devel opment work on | ow vol unme products that m ght
ot herwi se be discontinued. A detailed description of the
mechani cs of the averaging plan is contained in Attachment H

Alternatively, a manufacturer could choose sinply to certify its
engine famlies directly to the emssions standards, as is
currently done. This approach would require | ess record-keeping
on the part of the nmanufacturer.

To reward those manufacturers who have been able to conply with
the existing Tier 2 standards, the staff proposes to allowthe
early generation and banking of credits for 0-60 cc engi ne
famlies that are certified to or bel ow 54 g/ bhp-hr HC+NX in
1998 and 1999, and for engine famlies above 60 cc that are
certified to or below 3.2 g/bhp-hr HC+tNOx. (These levels are
equivalent to the original 1999 standards, with the exception
that HC and NOx have been conbi ned for consistency with the rest
of the proposed credit program)

3. Production Line Testing - The staff proposes
that the current quality audit requirements be nodified to all ow
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manuf acturers to follow a procedure simlar to the US EPA s
Qumul ati ve Sum procedure. The Qunul ati ve Sum procedure
replicates the statistical foundation of the federal Selective
Enforcenment Audit, while providing greater opportunity for a
qui ck decision. Thus, the Qumul ative Sum procedure woul d reduce
the manufacturer’s possible testing burden, particularly for
those engine famlies that consistently neet the standards by a
w de margin.

The staff proposes the adoption of a nodified Qumul ati ve Sum
procedure to ensure year-round sanpling; otherw se the program
remai ns much the sanme as the proposed federal program Staff
opted to retain year-round sanpling because of its experience
with the current quality-audit test program Staff has noted
that some engine famlies that have denonstrated good perfornmance
in the first or second quarters of production may then encounter
serious difficulties conplying in later quarters. Testing at

| east two engi nes per production quarter, should ensure
conpl i ance t hroughout the nodel year. Despite this nodification
the total nunber of tests that manufacturers will be required to
conduct will be less than the present program The maxi num
nunber of tests per engine famly per year under the proposal
woul d be thirty, but the programoffers the prospect of
concluding testing earlier if the results are consistent and
bel ow the standard; this should be conpared to the current
quality-audit programwhich requires testing one percent of
production, which could be over 1000 engi nes for the |arger
engine famlies. COverall, staff believes that the Qumul ati ve Sum
procedure will reduce the testing burden on manufacturers, and
provide greater consistency with the U S EPA A conplete
description of the Qunul ative Sumprogramand the staff’s
proposed nodifications nay be found in Attachment 1I.

4. Addi tional Manufacturer Flexibility - Staff
proposes the follow ng additional prograns to provide industry
with greater flexibility in conplying with the regul ati ons.

a. Smal | Vol une Manufacturers - The staff
recogni zes that small vol ume manufacturers may require speci al
consideration to continue to serve their niche nmarkets. To
ensure continued product availability, the staff proposes to
provi de an assigned DF to manufacturers that produce |ess than
500 engines annually for California. This will elimnate the
need to conduct durability testing and reduce the nunber of
engi nes that nust be used in the certification process.
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b. Production Line Testing - The staff proposes a
nmeans by whi ch manufacturers can renedy their production |ine
testing and new engi ne conpliance failures by use of credits (see
section 5, above). The staff’s proposal woul d nake the
availability of emssions reductions credits a factor when the
question of renedial or punitive action is considered.
Additionally, the staff proposes to grant the Executive O ficer
the authority to admnistratively suspend or revoke
certification, as the Executive Oficer may do w th autonobil es
and ot her sources. These provisions wll allow quicker and nore
appropriate resolutions to incidents of nonconpliance than the
current provisions, which allow only enjoinnent of sales as a
corrective neasure.

5. Em ssions Warranty Parts List - Staff also
proposes to nodify the [ist of emssions-related parts covered by
the emssions warranty. Specifically, the staff proposes to
include air filters under the Air Induction Systemportion of the
list. Inrecognition of the use of alternatively fuel ed engi nes,
the staff al so proposes to add pressure regulators to the itens
included as part of the fuel metering system

6. O her M scel |l aneous Mdifications - The staff
al so proposes to make ot her m scel | aneous nodifications to the
regul ations and test procedures. These changes would clarify or
sinplify existing | anguage and reduce duplication of |anguage in
the regul ations and test procedures.

V. AR QUIALITY, ENVI RONVENTAL AND ECONOM C | MPACTS

A Ar Quality and Environnmental |npacts

1. | npacts on the 1994 Ozone SIP and Inventory -
The 1994 State Inplenentation plan (SIP) for Czone is
California s naster plan for achieving the federal ozone standard
in all areas of the state by 2010. The 1994 (zone SIP incl udes
state neasures to control notor vehicles and pesticides, |ocal
measures for stationary and area sources, and federal neasures
for sources under exclusive or practical federal control. The
1994 (zone SI P was approved by the U S. EPA in Septenber 1996.
Al though the U S. EPA has not yet approved subsequent plan
revi sions for ozone, carbon nonoxide, and particulate matter,
these plans also rely on neasures in the 1994 (zone Sl P.
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Because the snmall off-road engi ne regul ati ons were al ready
adopted at the tinme the 1994 (zone SIP was devel oped, em ssion
reductions fromthose regul ati ons were incorporated into the SIP
baseline. Regulations in the baseline for the 1994 (zone SIP
were also carried over into the subsequent plans.

a. | nventory - Since 1994, substantia
i nprovenents have been nade to the emssions inventory for snall
of f-road engines. Updated data on activity, growh, popul ation,
emssion rates (including emssions deterioration), and which
engi ne applications are exclusively under the jurisdiction of the
US EPA (i.e., are preenpted), have been incorporated into the
revised inventory. The result is that the HC+tNOx em ssions from
t he popul ation of uncontrolled engines triples to over 200 tons
per day by 2010. Both handhel d and nonhandhel d i nventories
increase. Mich of this increase results fromnew testing which
has shown that these engines experience deterioration as they
age, resulting in increased emssions over tinme. At the tine of
the regulation (1990) and SIP (1994) adoption, em ssion
deterioration was not thought to occur.

Statewide Emission Increase with Revised Inventory Figure 1
. illustrates
for Small Off-Road Engines the inpact of
t he revised
250 esti mates of
> ° smal| of f-road
8200 engi ne
s em ssi ons,
2150 both for
s uncontrol | ed
51007 engi nes and
% 50 for engi nes
g ; whi ch neet the
0 i ’ : adopt ed
Uncontrolled Controlled em ssi on
st andar ds.
[ | Revised B usedin siP

Figure 1
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b. Revi ew of 1999 ARB Standards - Many of the ARB's nobile
source neasures require new technol ogi es to be devel oped or
exi sting technology to be applied in new ways. Lead tine is
provided to ensure that industry has tinme to incorporate these
t echnol ogi cal changes. For regulations that require future
phase-in of significant new standards, equi pnent, or processes,
the ARB staff nust periodically evaluate the technol ogi cal
economc, and market feasibility of the regulations prior to
i npl erent ati on.

After evaluating the adopted Tier 2 standards for snmall off-road
engi nes, staff has determned that rel axing the em ssion
standards and providing a one-year delay in inplenmentation is
necessary to reflect the technical capabilities of the industry,
and the lead tine needed for conpliance. The proposed one-year
delay will allowindustry time to prepare for the proposed
addition of an emssions durability denonstration.

C. Assessing the Inpacts of the Proposal on the
SIP - Attainnent of the national ozone anbient air quality
standard is premsed on reducing emssions to a specified |evel
within an urban area. The maxi nrum all onabl e em ssions level is
called the carrying capacity. Attainment of the federal anbient
air quality standards requires that the carrying capacity not be
exceeded. The 1994 SIP established this |evel for each non-
attai nnent area, and the Board approved the em ssion reduction
nmeasures needed to achieve this level. Based on the adopted
regul ations, the target for snall off-road engines is 16.5 tons
per day HCtNOx on a statew de basis. this value remains the
target today.

However, the em ssion target for these engines will not be net,
for the follow ng reasons: 1) The emssions fromsnall off-road
engi nes are much greater than was believed in 1994, 2) the
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proposed rel axation of the standards, 3) the additional lead tine
provided for inplenmentation, and 4) the preenption of engines

whi ch need only neet nore lenient federal standards. Table 12
below illustrates that emssions in 2010 will be over 50 tons per
day greater than the em ssion target.
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Tabl e 12

Em ssions WII| Exceed SI P Target
HC+tNOXx (tons per day in 2010 statew de)

Em ssi ons
- Furt her
Cat egory Tar get Resul ting Reduct i ons
based on from St aff Needed
SIP Pr oposal ~
0-60 cc
(handhel d) 11.9 24.8 12.9
> 60 cc
(nonhandhel 4.6 45.0 40.4
d)
Tot al 16.5 69. 8 53.3
* Reflects the U S EPA proposed standards for preenpt
engi nes.

d. Findi ng the Additional Reductions Needed - The
staff has identified fuel spillage during refueling as a source
of HC emssions fromsmall off-road engines. Fuel spillage is
expected to contribute approximately 10 to 15 tons per day of HC
statewide in 2010. Menbers of industry, including EMA and the
Qut door Power Equi pnent Institute, have indicated a willingness
towrk with staff to devel op an appropriate rule and to quantify
the results of refueling control. Staff will work with industry
and ot her stakehol ders, and return to the Board with a proposal
in 1999. At this tine, it is anticipated that a fuel spillage
control measure could be inplenented in the 2001 to 2002 tine
frane. Staff will also seek other sources of em ssion
reducti ons.

e. Alternatives - Industry has argued that ARB
shoul d adopt the proposed U. S. EPA second phase of em ssion
standards for small off-road engines. Table 13 illustrates the

i mpact of such action. As can be seen, HC+tNOx em ssions woul d be
nmore than 20 tons per day higher in 2010, conpared to the staff
proposal, and this would further increase the reducti ons needed
to neet the SIP target.
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Tabl e 13

Conpari son of ARB Proposal to Federal Standards
for Nonpreenpted Engi nes
HC+tNOx (tons per day in 2010 statew de)

Control | ed Em ssi ons Benefit of
— — ARB Pr oposal
Cat egory WU S EPA W ARB over U S EPA
Pr oposed Pr oposed St andar ds
St andar ds St andar ds
0-60 cc
(handhel d) 35.4 20.6 14. 8
> 60 cc
(nonhandhel d) 36.1 27.1 9.0
Tot al 71.5 47.7 23.8
2 Car bon Monoxi de - Attai nnent of the federal and

state anbient standards for COis expected by year 2000.

Al though the staff proposal will result in an increase in CO

em ssions conpared to the adopted 1999 ARB snall off-road engine
standards, the increase is snmall (about 250 tons per day
statewide in 2010), and will not affect attainment.

3. Particulate Matter - The effect of the proposa
on the statewide PMinventory is shown in Table 14, bel ow
Conpared to the adopted 1999 ARB standards, the staff proposal is
expected to result in 0.4 nore tons per day of PMin 2010.
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Table 14
to Exi sting PM Standards

(tons per day in 2010 statew de)

: Adopted ARB | Proposed ARB :
Engi ne Type Regul at i ons Regul at i ons Benef i t
0-60 cc 0.6 0.8 -0.2
>60 cc 1.2 1.4 -0.2
Tot al 1.8 2.2 -0.4
4. Proposed Federal Standards - The U S. EPA has

not yet adopted second phase em ssion standards for snall of f-
road engines; it has recently published a Notice of Proposed
Rul emaki ng. The proposed rule is designed to inplenent the
Statenents of Principles reached with much of the industry. The
emssion limts contained in those agreenents are | ess stringent

t han those proposed by the ARB staff. The U S. EPA s actions
inmpact California s clean air plans because ARB is preenpted from
controlling emssions fromsnall off-road engines principally
used in farmand construction equi pnent. Thus, only U S EPA can
address emssions fromthis sector. As shown in Table 15, the
proposed U S. EPA standards woul d i ncrease HC+tNOx em ssi ons by
6.0 tons per day beyond the standards reflected in the SIP

Tabl e 15

| npact of Proposed Federal Standards on Preenpted Engi nes
HC+tNOx (tons per day in 2010 statew de)

Control | ed Em ssi ons
1 f Met I f Met
Exi sting Pr oposed
Cat egory 1999 ARB US EPA Shortfall
St andar ds St andar ds
0-60 cc
(handhel d) 3.5 4.2 0.7
> 60 cc
(nonhandhel d) 12.7 18.0 5.3
Tot al 16.2 22.2 6.0
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B. Econom ¢ | npacts

In the May 1996 and May 1997 wor kshops, and in Mail Qut # 97-15,
dated August 1, 1997, the staff requested that industry provide
specific cost information so that the economc inpact of
regul ati ons could be determned. Al though the responses specific
to the questionnaire were limted, other sources of infornation
were nade avail abl e; for exanple, the Engi ne Manufacturers

Associ ation (EMA) provided cost information through a contractor,
the National Econom c Research Associates (NERA). Staff

eval uated the responses, along with cost information fromits
contractors, the Manufacturers of Em ssions Controls Associ ati on,
and ot her conpani es when cal culating the foll owi ng costs.

For all cost-effectiveness figures, the staff has attenpted to
estimate the increase in retail price due to emssions controls
beyond those required for the federal program Those costs were
then conpared to the em ssions reductions the proposal woul d
achi eve beyond t hose achi eved by the federal program

1. 0-60 cc ("Handhel d") Engines - For snaller
engi nes, typically used in handhel d equi prent, the staff
cal cul ated the cost effectiveness of engines that woul d neet the
2000 st andard.

Engi ne, Fuel, and Em ssions Engi neering, prepared a report (see
Attachrment J) in which it estinmated the increase in retail price
for a variety of approaches. Table 16 contains the results for
the technol ogi es staff expects to be used to conply with the
proposal. The fuel injection estimate used information froma
prior report, with the same deal er nmarkup assunmed in the |ater
report.
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Tabl e 16

Technol ogi es for 0-60 cc Engines

Retail Price |Increase
| ncr ease | ncrease due to Total Retai
Technol ogy due to equi pnent cost Price
engi ne cost | ncr ease
Four - st r oke $0.73
engi nes (trinmer/chain saw) $20. 02-
$19. 68 $ 0.34 $20. 41
(bl ower)

Two- st r oke

e $ 4.66 $ 0.00 $ 4.66
scavengi ng

Two- st r oke

with catal yst

(ceranic $ 8.30 $ 2.80 $11. 10
substrate)

Two- st r oke

with catal yst

(netallic $13. 66 $ 2.80 $16. 46
substrate)

Two- st r oke

with fuel $35. 55 $ 0.00 $35. 55
i njection
To prevent an underestimation of the costs, staff has cal cul ated
all cost-effectiveness using the highest retail price increase in
the table, $35.55. The cost-effectiveness depends on the
equi prent eval uated, but the staff has determ ned the cost

effectiveness for the follow ng representative types of

equi pnent .

Bl owers:

Calculation of the lifetine em ssions froma bl owner

indicates that a blower engine in the less than 2 hp range

nmeeting the federa

Phase 2 standards woul d produce a total of

61. 1 pounds of HC+NOx over the average life of the engine.
Simlarly, a blower engine neeting the staff proposa

a total
engi ne.

Ther ef or e,

woul d em t
of 10.4 pounds of HC+NOx over the average life of the
the cost effectiveness for the staff’s Tier 2
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proposal for blowers would be cal culated as fol |l ows
(di screpanci es are due to rounding):

Federal SCP lifetime emssions = 61.1 pounds HC+NOX
Staff Proposal Tier 2 lifetine emssions = 10.4 pounds HCHNX
D fference = 50.7 pounds HCHNOX

Cost Effectiveness = $35.55/50.7 = $0. 70 per pound HCHNOX
reduced.

Trimrers: Federal SCP lifetine emssions = 32.9 pounds HCHNOX
Staff Proposal Tier 2 lifetine emssions = 5.6 pounds HCHNX
D fference = 27. 3 pounds HCHNOX

Cost Effectiveness = $35.55/27.3 = $1. 30 per pound HC+NOX
reduced.

Chain Saws: Federal SCP lifetine emssions = 98.6 pounds HCHNOX
Staff Proposal Tier 2 lifetine emssions = 25.1 pounds HCHNX
D fference = 73.5 pounds HCHNOX

Cost Effectiveness = $35.55/73.5 = $0. 48 per pound HCHNOX
r educed.

Additional ly, because there are several four-stroke engi nes
certified already, staff has used the above net hodol ogy to
estinmate the cost-effectiveness for the sane applications using
four-stroke engines.

Bl owers: $20.41 /50.7
Trimrers: $20.41/27.3
Chain Saws: $20. 41/ 73.

$0. 40 per pound HC+NOx reduced.
$0. 75 per pound HC+NOx reduced.

5 = $0. 28 per pound HC+NOx reduced.

Al other equipnent should fall within the range of $0.28-3%1.30
pound/ HC+tNOx reduced. Taking into account the inprovenent in
fuel econony that will occur fromany of the technol ogi es
identified above (except for catal yst technol ogy), the cost
effectiveness inproves for residential use, and beconmes a net
savings for commercial users. Engine, Fuel and Em ssions

Engi neering estinmates the fuel consunption for a conplying engi ne
of this type to be approximately 0.95 pounds per horsepower - hour;
the Tier 1 fuel consunption is approximately 1.18 pounds per



-47-

hor sepower-hour. The result is fuel cost savings over Tier 1 of
approximately $3.50 for a piece of residential equipnent, and
about $89 for a commercial unit. Thus, a commrercial user woul d
experience an operating cost savings fromusing Tier 2 equipnent
conpared with Tier 1 engines. Simlarly, conpared to an engi ne
neeting the federal proposal, residential users would save $0.60
in fuel, and comrerci al users $15. 35.

These cost-effectiveness estimates do not include any benefit due
to a shift from gasoline-powered equi pnent to el ectric equi pnment.
The staff believes that sone shift may occur, particularly for
the lower-priced entry-1level consuner equipnent. Such a shift
woul d favorably alter the cost-effectiveness of the regul ati ons
by increasing the benefits fromthe proposal; if the price of

el ectric equi pnrent stays bel ow the cost of engi ne-powered

equi prent, as woul d be expected, the cost-effectiveness coul d be
i nproved even further.

The estimate of four-stroke engines increasing the retail price
by approxi mately $20 per piece of handhel d equi pnent derived by
Engi ne, Fuels, and Em ssions Engineering is substanti ated by data
fromthose conpani es that have produced handhel d four-stroke
engi nes and equi pnent for sale. However, other nmanufacturers
have expressed doubt that this figure is accurate and have noted
that current four-stroke trimrers on the narket sell for nore

t han $20 beyond the | owest-priced two-stroke trimrers. As

nmenti oned above, the current four-stroke equi pnent on the narket
represents the introduction of a new product, and has tended to
be on equi prent above the entry-level price. It is also
currently produced in relatively | ow volunes. The currently
avai | abl e four-stroke nodel s include features |acking fromthe

| owest-priced trimrers. A four-stroke trinmmer without the extra
features woul d be nuch | ower priced. Ryobi has stated that it
bel i eves four-stroke trimrers could be sold for $100 in high

vol une without the extra features currently of fered.
Additionally, the other conpliance strategies are expected to
have very little inpact on the retail price. Husqgvarna
reportedly sells its E-Tech for the sane price as the previous
nodel s without catalytic converters or the other E-Tech

nodi fi cati ons.

Averaging will allow manufacturers an opportunity to nodify their
product mx in such a way as to mnimze nmarket disruptions. |If
sonme of the narket switches to electric, as staff foresees, the
average cost per unit of equipnment shoul d drop bel ow t he $20 per
engine that is used in the cost cal cul ati ons, because electric
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equi pnent tends to retail for significantly | ess than engi ne-
power ed equi pment. Because the increased demand is likely to
slightly increase the prices and alter the product mx of

el ectric equi pnent, the staff cannot quantify the effects of a
switch to electrics at this tinmne.

2. Greater than 60 cc ("Nonhandhel d") Spar k-
| gni ti on Engi nes

a. Tier 2 Cost of Conpliance - The proposed
standard for dass 1 engines which are greater than 60 cc, but
| ess than 225 cc, will probably cause nmanufacturers to shift
producti on from si de-val ve engi nes to over head-val ve engi nes.
This shift is consistent with the nenoranda of understandi ng that
the two | argest-vol ume engi ne nmanuf acturers, Tecunseh and Bri ggs
& Stratton, signed with the U S. EPA  Those nenoranda outl i ned
an agreenent for those conpanies to devel op the capacity to
produce a substantial nunber of overhead-val ve engi nes bel ow 225
cc. The nmenoranda do not require the actual production of
engi nes, however. Regardless, since the conpani es have coomtted
to devel oping the capacity, the staff believes that the
agreenents help the overall cost-effectiveness of the proposed
program but that the effects of the agreenments cannot currently
be quantifi ed.

The staff expects that manufacturers will neet the 2000 standard
for Aass 2 engines (above 225 cc) by the early and snall-scal e
i ntroduction of Federal Phase 2 engines. Since the federal Phase
2 level s are ostensibly based on the use of overhead-val ve
engines or simlar clean and durabl e technol ogy, the staff has
estinated the cost based on an additional shift from sone side-
val ve engi nes to overhead-val ve engines. It nust be noted,
however, that not all engine lines need to be shifted,
particularly in the higher displacenent ranges; sone current
over head- val ve and si de-val ve engines are likely to neet the
proposed 2000 standard with no substantive nodifications.

The staff has estimated the cost to shift fromside-valve to
over head- val ve engines frominformation provided by NERA, on
behal f of EMA and the Qutdoor Power Equiprent Institute. The
staff conpared the NERA analysis to the 1990 staff anal ysis and
determned that while nost of the inputs and assunptions used by
NERA are consistent with those used by staff, NERA s concl usi ons
are not directly conparable to the cost-effectiveness figures
that the ARB has used in the past. This is due primarily to the
use of a different nethodol ogy and some different assunptions
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than staff traditionally nakes. For instance, the staff
generally tries to estimate the cost to the consuner and so uses
exi sting or projected punp prices for estinating fuel econony
effects. On the other hand, NERA | ooked at the social cost and
deducted the taxes on gasoline because the taxes are essentially
returned in the formof services to society. Al though the NERA
approach is logical, it does not result in an estimate that can
be directly conpared to previous ARB cost estimates that use a
di fferent nethodol ogy. Therefore, staff did not use the NERA
"Social Cost" of $0.86 per gallon; the ARB cal cul ates cost to
consuner and cost to industry, not social costs. The average
current price of unleaded regul ar gasoline is $1.24/gall on.

The NERA analysis also differed fromthe staff’s anal ysis when
estinmating operators’ costs and savings. For exanple, one area
of di sagreenent was the fuel econony inprovenent that woul d
result fromconverting froma side-valve to an overhead-val ve
engine. (Note that the fuel econony savings woul d probably be
simlar for any conplying technol ogy that does not use
aftertreatnment, because a reduction in HC em ssions neans t hat
the engi ne woul d be emtting | ess unburnt fuel than a Tier 1
engi ne. A side-valve engine that was nodified to neet the
standards in some way would likely result in simlar savings.)
Staff’ s assessnent, based on testing perforned by Sout hwest
Research Institute 8 was that converting froma side-valve to an
over head-val ve engine will reduce operator fuel use by

approxi mately 30 percent; NERA assuned only a 15 percent
reduction in fuel use. Regarding the addition of catalysts,

whi ch woul d not involve a change in fuel consunption, the staff
and NERA's estinmates are nore simlar.

Many ot her NERA assunptions differed fromARB s traditiona
assunptions used in the original 1990 Staff Report. These, and
the differences di scussed above, are summarized in Table 17,

bel ow.

8Air Resources Board Mail Qut # 90-64, "Public Hearing to
Consi der Regul ations Regarding the California Exhaust Em ssion
Standards and Test Procedures for 1994 and Subsequent Mbdel year
Uility and | awn and Garden Equi prent Engi nes,” Cctober 22, 1990.



Conpari son of NERA ARB differences

-50-

Tabl e 17

| nput NERA ARB

Annual Hours of Use 25 35.9
Average Life of Lawn

NbVer 6.5 years 7 years
Reduction in fuel use

(Side-valve to 15% 30%
Over head- val ve)

Vi ght ed Hor sepower 1.35 1.44
Conver si on from pounds

to gal l ons 6.14 6. 18
Price of fuel per $. 86 $1.24
gal I on "social cost" "consumer cost”
Applied tinme val ue of

fuel savings Yes N

Tabl e 18 contains the results of staff’s evaluation of the retai

cost differentia

mower using NERA's data but the ARB estimates for fue

not ed above.

Tabl e 18
Lawn Mower Retail Cost |ncrease
i ght ed Resi denti al
total of all | awn nmower s
[ awn nower s only
$13. 06 $23. 40

bet ween a si de-val ve and an over head-val ve | awn

cost, etc.
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The results of this updated anal ysis substantiates the staff’s
1990 estimate of the cost differential between side-val ve engi nes
and over head-val ve engines. The average total retail cost
increase for the residential |awn nower of $23.40 is slightly

hi gher than the 1990 estimate ($21.99), but |ess than that 1990
anount adjusted to represent April 1997 dollars ($28.72).

An anal ysis of the data provided by NERA for a high vol une
residential |aw nmower, shows that it would cost |ess than the
aver age | awn nower:

Average retail cost increase per |awn rmower - $23.40

Average retail cost increase per high volune residential |awn
mower - $17.25

This result supports ARB's total cost analysis for the average
[awn nower. It is not surprising that the additional cost for a
hi gh-vol ume | awn nmower woul d be | ess than the average, as a high-
vol une manufacturer could nore readily take advant age of
econom es of scale.

b. Tier 2 Cost Effectiveness - Staff evaluated the
cost effectiveness of the proposal conpared to the Federal Phase
2 levels as follows. Staff assunmed that the cost to nodify a
| awn mower housi ng was representative of the cost to nodify
equi pnent throughout the entire category. Al though [ awmn nowers
are a high volune application, the usage is much | ess than nost
smal | -vol une applications, which tend to be industrial in nature.
Thus, the expected lifetine emssions benefit for [awn nowers is
relatively low, which allows their use as a surrogate for the
broad spectrum of engines greater than 60 cc. As the usage of
the applications and the lifetime emssions benefits increase,
the cost-effectiveness inproves dramatically, as the generator
exanpl e bel ow shows.

Lawn Mowers less than 5 hp: Calculation of the lifetine
emssions froma |lawn nmower indicates that a dass 1 | awn nower
engine in the less than 5 hp range (typical of residential |awn
nmowers) neeting the federal Phase 2 standards woul d produce a
total of 14.1 pounds of HC+tNOx over the average life of the
engine. Simlarly, alaw nower engine neeting the staff
proposal would emt a total of 9.0 pounds of HC+NOx over the
average life of the engine. Therefore, the cost effectiveness
for the staff’s Tier 2 proposal for |aw nowers woul d be

cal cul ated as follows (discrepancies are due to rounding):



-52-

Federal SCP lifetime em ssions = 14.1 pounds HCHNOXX
Staff Proposal Tier 2 lifetine emssions = 9.0 pounds HC+HNX
D fference = 5.0 pounds HC+NX

Cost Effectiveness = $23.40/5.0 = $4. 68 per pound HC+NOX reduced.

Lawn nowers in comrercial use are used nore, with a proportiona
increase in emssions for both scenarios, and woul d thus have a
| ower cost per pound of HC+HNOX reduced.

SSmlarly, for small generators less than 5 hp

Federal SCP lifetinme em ssions = 298.6 pounds HCHNOX

Staff Proposal Tier 2 lifetine emssions = 159.5 pounds HCHNOX
D fference = 139. 2 pounds HCHNOX

Cost Effectiveness = $23.40/139.2 = $0. 17 per pound HC+NOx
reduced.

The cost effectiveness figures for other types of equi pnent woul d
vary, but are likely to be bounded by the | awn nower and
gener ator esti mat es.

For riding nowers and ot her engi nes above 225 cc (dass 2

engi nes), the proposed Tier 2 standard is the sane as the
proposed federal standard, so there would be no difference in
lifetinme emssions. Thus, staff did not calculate a Tier 2 cost-
effectiveness figure for any engi nes greater than 225 cc using
this methodology. MNote that the earlier inplenmentation of the
Tier 2 standards woul d i ncur some cost beyond that due to the

U S. EPA phase-in. However, the investnents nade to conply with
the proposed Tier 2 regulations could al so be used to conply with
the federal proposal. In fact, manufacturers that convert al
products nationwi de to the proposed California |l evels would be
able to generate credits for U S. EPA s program (based on the
amount of sales in states other than California), which would
further alleviate the situation

C. Tier 3 Cost of Conpliance - The staff projects
that manufacturers will neet the proposed 2004 standards by
utilizing Tier 2 engines equi pped with catal ytic converters.
According to the Manufacturers of Em ssions Controls Association
and others, the cost to incorporate a | owefficiency catalyst
(~25 percent HC+tNOx conversion at the end of useful life) on an



-53-

engi ne wi th annual sales of approximately 10,000 units woul d be
roughly $10 to manufacturers. The cost of the catal yst and
substrate thensel ves woul d only be approximately $2-4 for dass 1
engi nes and approxi mately $7-$10 for dass 2 engines. The

remai nder of the cost is due to the need to nount the catal yst
and nake m nor hardware changes (typically in the nuffler

baffl es).

However, it should be noted that the cost of catalytic converters
that NERA used for its own analysis are wi dely divergent fromthe
estimates provi ded by the Manufacturers of Emssions Controls
Associ ation. The NERA anal ysis uses a cost to the manufacturer
of $7.50 to $13.50 for a catalyst for dass 1 engines, while the
Manuf acturers of Em ssions Controls Association indicates the
cost would be from$2.69 to $4.00 for sinilar engines.

Usi ng NERA data but the Manufacturers of Em ssions Control s
Associ ation’ s above catal yst costs, the staff estinmates the total
retail cost increase due to catal yst use to be approxi mately $20
per engine. Staff used the data to performa new anal ysis of the
average total cost to add a catalyst to a residential |aw nower;
the result indicates that the total systemcost would be from
$17.69 to $19.00. For conparison, Table 19, below, also contains
the results of the staff's analysis for the costs of three

i ndi vidual catal yst upgrades. The particul ar engi nes have not
been identified to maintain confidentiality of the engine
manuf act urers.
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Tabl e 19

Cost of Adding a Catal yst to a Lawn Mower
Staff Eval uation of NERA

Engine Catalyst System Cost per unit of
equipment
Staff Proposal Catalyst reduces HC + NOx by 25% at 250 $17.69-$19.00
hours
NERA data -
High volume engine 1, 3-Way Catalyst reduces HC 30%, NOx 60% $16.30
System 1 new
NERA data -
High volume engine 2, Catalyst reduces HC 50%, CO 70% new $37.31
System 2
NERA data -
High volume engine 2 Catalyst reduces HC + NOx by 30% new $18.03
d. Tier 3 Cost Effectiveness - The above

informati on was then used to cal cul ate the cost-effectiveness of
t he proposed Tier 3 standards:

Lawn Mowers | ess than 5 hp:
Federal SCP lifetime emssions = 14.1 pounds HCHNOX

Staff Proposal Tier 3 lifetine emssions = 6.8 pounds HCHNX
D fference = 7.3 pounds HC+NXX

Cost Effectiveness = $19.00/7.3 = $2. 60 per pound HC+NOX reduced.

Increnmental (Tier 2 to Tier 3)Cost Effectiveness = $19.00/2.3 =
$8. 26 per pound HC+NOx reduced.

Smal | CGenerators:

Federal SCP lifetime em ssions = 298.6 pounds HCHNOX

Staff Proposal Tier 3 lifetine emssions = 125.4 pounds HCHNOX
D fference = 173. 2 pounds HCHNOX
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Cost Effectiveness = $19.00/173.2 = $0. 11 per pound HC+NOx
reduced.

Incremental (Tier 2 to Tier 3)Cost Effectiveness = $19.00/34.0 =
$0. 56 per pound HC+NOx reduced.

For dass 2 engines, the equi pnment cost was assuned to be the
sane, but the catal yst would cost, per the Manufacturers of
Em ssions Control s Association, from$7.63-%$10.35. The total
cost per dass 2 engine is therefore approxi mately $26.

d ass 2 Lawn Mowers 5- 15 hp

Federal SCP lifetime em ssions = 10. 3 pounds HCHNOX

Staff Proposal Tier 3 lifetine emssions = 7.6 pounds HCHNX
D fference = 2.7 pounds HC+NOX

Cost Effectiveness = $26.00/2.7 = $9. 63 per pound HC+NOX reduced.

Commer ci al Turf Care Equi prent 5-15 hp

Federal SCP lifetinme em ssions = 335.3 pounds HCHNOX

Staff Proposal Tier 3 lifetine emssions = 260. 6 pounds HCHNOX
D fference = 74.7 pounds HCHNOX

Cost Effectiveness = $26.00/74.7 = $0. 35 per pound HC+NOX
reduced.

Al other equi pment should fall within the range of $0.11-$9. 63
per pound HC+NOX reduced over the proposed federal |evels, or
within an increnental cost effectiveness of $0.35-9.63 per pound
HC+NOX reduced beyond the staff’s proposed Tier 2 |evel.

3. Economi ¢ I npacts on the Econony of the State -
Al t hough sone st akehol ders contend that the staff proposal woul d
be too stringent, the proposal is actually a relaxation of the
already existing requirenent. In order to neet statutory
requirenents, the staff wote this section to reflect the effect
of the relaxation fromwhat woul d ot herwi se occur. Note,
however, that all the cost-effectiveness figures in the previous
section reflect conparison with the proposed federal standards to
provi de an appropriate conpari son between the benefits expected
from each program
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a. Summary of Econom c Inpact on the State -
Overal |, nmost manufacturers of small off-road engi nes and
equi pnent are expected to benefit fromthe proposed amendnents.
The amendnents provide manufacturers with greater flexibility
than the existing standards. This, in turn, results in a nore
cost-effective programto achi eve the goals of SIP em ssion
reductions. However, some nmanufacturers whi ch have al ready
devel oped conpliant products nmay be adversely affected by the
proposed anendnents because they may not realize the return on
their investnment as soon as they have planned. Staff believes,
however, that the benefits gained by the industry fromthe
proposed anmendnents outwei gh the slight |oss of opportunity to
these manufacturers. As a result, staff expects the proposed
regul ations to have positive inpacts on California enpl oynent,
busi ness status, and conpetitiveness.

b. Legal Requirenents - Section 11346.3 of the
CGovernnent Code requires State agencies to assess the potenti al
for adverse economc inpacts on California business enterprises
and i ndi vi dual s when proposing to adopt or anmend any
admni strative regul ation. The assessnent shall include a
consi deration of the inpact of the proposed regul ati on on
California jobs, business expansion, elimnation, or creation,
and the ability of California business to conpete.

Al so, State agencies are required to estinate the cost or savings
to any state, |ocal agency and school district in accordance with
instructions adopted by the Departnment of Fi nance. The estinate
shal | include any nondi scretionary cost or savings to |ocal

agencies and the cost or savings in federal funding to the state.

C. Busi nesses Affected - Any business which is
involved in the production, distribution, service, sale, and use
of small off-road engi nes and equi pnent can potentially be
affected by the proposed anendnents. The focus of this analysis,
however, w |l be on manufacturers because these busi nesses woul d
be directly affected by the proposed anmendnents. The issue of
how the regul ation would affect users is dealt with el sewhere in
the report, specifically in the Cost Effectiveness and | ssues of
Cont rover sy secti ons.

The ARB survey of nmanufacturers has identified 17 manufacturers
of small off-road engines and equipnent in the world that sel
their products in California. E ght of these manufacturers are
i nvol ved i n manufacturing of handhel d products such as chain
saws, trimmers, brush cutters, cut-off saws, hedge trinmrers, and
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ot her two-cycl e engine products. Seven manufacturers are

i nvol ved i n manufacturing of engines for nonhandhel d products
such as wal k- behi nd and riding nmowers, mul ching | awn nowers,

chi pper/shredders, tillers and ot her power equi pnment. The

remai ning two are involved in nmanufacturing of both handhel d and
nonhandhel d products. MNone of these 17 nmanufacturers are | ocated
in California although sonme have snall operations in California.
The affected manufacturers fall into different industry
classifications. A list of the industries that we have been able
toidentify is provided in Table 20.

Tabl e 20

I ndustries with Potentially Affected Manufacturers

SI C Code | ndustry
3519 I nternal Conbusti on Engi nes, NEC
3523 Far m Machi nery and Equi pnent
3524 Lawn and Garden Equi prent
3531 Construction Machi nery
3561 Punps and Punpi ng Equi pnent
3563 Air and Gas Conpressors
d. Pot enti al Business |Inpact - The proposed

amendnents are nost |likely to have beneficial inpacts on

Cal i fornia busi nesses. However, sone manufacturers nay be
adversely affected. The anendnents were devel oped in response to
concerns rai sed by nanufacturers of small off-road engi nes and
equi prent that the industry will be unable to achi eve the second
tier standards by January 1, 1999. The industry has nade great
efforts to neet the 1999 standards and in fact has overcome nany
obstacles in the devel opnment of lowemtting engines. However,
staff found that nost manufacturers may have difficulty conplying
with the required 1999 standards. The proposed anendnents woul d
rel ax the 1999 standards for nonhandhel d conpression-ignition
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engines to conformw th new national standards agreed upon by an
SCP between the ARB, U S. EPA and ot her stakehol ders. The
amendnents woul d provide manufacturers with an additional year to
continue their efforts in converting product |ines to conplying
engi nes.

The rel axation and extension of the 1999 standards woul d ease the
t echnol ogi cal chall enge that the industry is facing and woul d
provide the industry with additional time to conplete the

devel opnent of their conpliant products. This, in turn, tends to
| ower the conpliance costs for nmanufacturers. However, sone
manuf acturers that have al ready devel oped conpliant products nay
be adversely affected by the proposed anendnents. These
amendnments woul d reduce the ability of these manufacturers to
benefit fromtheir efforts and realize any incone that nay be
generated fromlicensing their technology to others. Moreover,

it may discourage themin their future efforts to devel op

conpl ying products on time. However, staff believes that the
benefits gained by the industry as a whole fromthe proposed
amendnents outwei gh the slight |oss of opportunity to a few
manuf act urers.

e. Potential |npact on Consuner Prices - The
proposed anendnents woul d post pone or reduce any potentia
increase in the retail prices of small off-road equi pnent that
m ght have resulted fromthe inplenentation of the 1999
standards. This is because the manufacturers woul d have a
greater amount of time to devel op nore cost-effective products
and | ess stringent standards. GConsunmers would al so benefit from
t he anendnents because their choice of products woul d be greater
than i f the 1999 standards were retained.

Furt hernore, because the proposal rel axes and del ays the
standards, and provides features |i ke averaging and | ow vol une
consi deration, the proposal will allow a greater nunber of
manuf acturers and technol ogies to continue to supply the

Cal i fornia narket.

f. Potential |npact on Business Conpetitiveness -
The proposed anendnents are expected to have a positive inpact on
the ability of California businesses to conpete w th busi nesses
in other states. The proposal would align much of the California
programw th the proposed federal programand woul d harnoni ze
with the national standards for nonhandhel d conpression-ignition
engi nes, thereby elimnating any conpetitive di sadvantage for
Cal i fornia busi nesses. The amendnments woul d al so provide reli ef
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to all manufacturers of snall off-road equi pnent regardl ess of
their location. As previously indicated, none of these

manuf acturers are located in California. Sone of them however
have snmall operations in California.

g. Potential |npact on Enpl oynent - The proposed
regul ati ons are not expected to cause a noticeabl e change in
California enpl oynment. The anendnents may actual ly inprove the
prospect for California enpl oynment because they tend to | ower the
conpl i ance costs for nost California businesses. The anendnents
may al so save sone California jobs because the California market
woul d not be abandoned by manufacturers that woul d not have been
able to nmeet the 1999 standards.

h. Potential |npact on Business Oeation,
Bl i mnation, or Expansion - The proposed regul ati ons woul d cause
no significant change in the status of California businesses.
The anendnents may actual |y benefit nost manufacturers by
| owering the cost of conpliance. However, sone nmanufacturers
whi ch have al ready devel oped conpliant products may be adversely
affected because the proposed anendnents woul d del ay the
realization of return on their investnent.

4. Summary - The cost-effectiveness figures
cal cul at ed above have been conpiled in the follow ng tables for
the reader’s convenience. Cost-effectiveness figures typically
fall in the range of $1.00 to $2.00 per pound of HC+NOx reduced.
Al the cost-effectiveness figures calculated herein fall bel ow
the upper limt of $11.00 per pound of HC+NOX reduced set forth
in ARB' s cost-effectiveness gui dance.
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Tabl e 21

Cost - Ef fecti veness Summary

Rel ati ve to the Federal

Pr oposal

Equipment type

Scenario

Cost per pound HC+NOx reduced
beyond federal proposal

Lawn mower less than 5 hp
(Residential type)

Proposed Tier 2

$4.68

Generator

Proposed Tier 2

$0.17

Class 2 lawn mower 5-15 hp

Proposed Tier 2

No benefit beyond federal proposal

Commercia Turf Care

Proposed Tier 2

No benefit beyond federal proposal

Blower Proposed Tier 2 $0.70
Trimmer Proposed Tier 2 $1.30
Chain saw Proposed Tier 2 $0.48
Lawn mower lessthan 5 hp

(Residential type) Proposed Tier 3 $2.60
Generator Proposed Tier 3 $0.11
Class 2 Lawn Mower 5-15

hp Proposed Tier 3 $9.63
Commercial Turf Care Proposed Tier 3 $0.35
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Tabl e 22

Cost-Effecti veness Summary
I ncremental Proposed Tier 3 Relative to Proposed Tier 2

Equipment type Scenario Cost per pound HC+NOx reduced
beyond Tier 2

Lawn mower Proposed Tier 3 $8.26

Generator Proposed Tier 3 $0.56

Class 2 Lawn Mower 5-15

hp Proposed Tier 3 $9.63

Commercial Turf Care Proposed Tier 3 $0.35
C | ssues of Controversy

1 Gar deners and Landscapers - Many nenbers of the

interested public, including professional |andscapers, have been
m sinformed regarding the staff proposal. PPEMA issued a short
letter asking the recipients to wite to the Board, the CGovernor
and their elected representatives. Included with the letter was
an information sheet that contained sone incorrect allegations
about the staff proposal (see Attachnent K). The PPEMA | etter
caused Ryobi to prepare its own letter to correct sone of the

i naccurate statements (see Attachnment L). The staff believes
that the information contained in this report addresses the
concerns expressed by those who wote in.

The PPEMA information sheet stated that the staff proposal woul d
ban two-stroke engines fromuse in California, Komatsu Zenoah and
Tanaka have both stated that they woul d i ndeed continue to offer
two-stroke engines in California. The letter also indicated that
the proposal would retain the 0.25 g/ bhp-hr PM standard, although
the staff had asked for alternatives and was, in fact, working

wi th PPENVA nenbers to develop an alternative to costly PM
testing.
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2. Em ssions Inventory - PPEMA has expressed the
opinion that the emssions inventory fromthe 0-60 cc (handhel d)
equi pment is not significant enough to warrant em ssion
regul ati on beyond the proposed U S. EPA standards. PPEMA' s
position appears to have initially been based on the previous
inventory. As noted above, the em ssions inventory has been
updated with better estimates of useful |ife and usage, and finer
resol ution of equi pnment types; many of the changes were requested
in PPEMA' s cooments on the em ssions inventory delivered in Apri
of 1997. The inproved inventory, as noted in Table 10 above,
i ndi cates the em ssions difference between the federal proposal
and the staff’'s proposal would be 24 tons per day HCHNOx. Staff
considers this difference significant.

3. Cost and Cost-effectiveness - Briggs & Stratton
and PPEMA, anong ot her engi ne nmanufacturers, have indicated that
t he proposal would be too costly to inplenent and woul d not be
cost-effective. Subsection B of Section |V details the staff’s
cost and cost-effectiveness calculations. In those cal cul ations,
staff relied on industry input and contractor’s reports to
determne that the proposal does indeed neet the ARB' s
requirenents for cost effectiveness. Additionally, the staff
has, where possible, taken steps to reduce the cost of conplying
with the overall small off-road engine program particularly with
regards to providing flexibility through em ssions averagi ng and
production |ine testing.

4. D sincentive for Em ssions |Inprovenment - Ryobi,
Tanaka, the Manufacturers of Em ssions Controls Associati on and
ot hers have expressed concern that the proposal woul d excessively
rel ax the existing requirenments, providing a disincentive and
economc penalty to those conpani es that have worked i n good
faith to conply with the adopted regul ati ons. Rel axation of the
requi renents has a negative inpact on their conpetitiveness in
the snall engi ne narket, because it danages their ability to
recoup those investnents. Ryobi, in particular, has nade
extensi ve investnments since the existing regul ations were adopt ed
in 1990.

The staff proposal represents a reasonabl e conprom se between the
existing requirenments and the U S. EPA proposal. The staff
proposal woul d i ndeed rel ax the existing requirenents. However
it also includes nmeasures such as the credits programand early
credit generation to reward those who have been successful in
reduci ng emssions. Staff believes that the introduction of
those prograns will preserve the incentive for nmanufacturers to
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i nvestigate new technol ogi es rather than cling to outdated
designs, while recognizing that not all attenpts to devel op new
t echnol ogi es have been successful.

5. Equi prent Availability - PPEVA has raised
concerns about equi prent availability when the proposed standards
are inplemented. PPEMA has stated that sone handhel d equi pnent,
such as chain saws and hedge trimrers, would be unable to utilize
smal |l four-stroke engines, and that therefore those types of
equi prrent woul d not be available in California.

Staff believes that PPEMA is unduly concerned. As discussed in
the 0-60 cc engi ne section, several technol ogies, including
conpl yi ng two-stroke engi nes, have been devel oped to neet the
standards and el ectric replacenents are al so avail able for
residential applications. Furthernore, the credit and averagi ng
programwoul d all eviate nmuch of the problemby allow ng
manuf act urers who cannot desi gn conpl ying applications to instead
concentrate on other applications. Finally, much of the

equi prrent in question (chain saws in particular) is considered to
be farm (1 ogging) or construction equi pnent and are preenpted
fromstate regulation (e.g., chain saws above 45 cc).

6. Consuner Acceptance - PPEMA has al so indicated
that it does not believe that consuners wll accept the price
i ncreases associated with conpliance to the staff proposal. As
part of its cost analysis, Engine, Fuels, and Em ssions
Engi neering did eval uate several focus groups regarding a
possi bl e cost increase due to emssions controls. Participants
were positive of neasures that woul d i nprove their personal
and/ or enpl oyee health, and even a $35.00 increase in the price
of a trimrer or other unit of handhel d equi pnent woul d not be a
barrier to purchase (although a $50.00 increase would be). As
di scussed in detail above, the staff proposal is expected to
increase the price of a piece of handhel d equi prent no nore than
$20. 41, much bel ow the acceptabl e | evel of $35.00.

7. Opt-in by Oher States - EVA and sone of its
nmenbers have expressed concern about other states choosing to
opt-into the California program as allowed by the dean air Act
Amendnents of 1990. They argue that the threat of having to
build conpliant engines for a market larger than California would
be infeasible. Staff has carefully evaluated this concern and
has cone to the conclusion that the ARB cannot carry out its
mandate effectively if it places the effects of others adopting
California s prograns as a primary consideration. To do so coul d
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endanger California s ability to maintain a separate programto
address the state’s unique air quality probl ens.

Additionally, staff has seen no evidence that indicates other
states would opt-in to the California programin the near-term
Staff notes that the existing Tier 1 and Tier 2 standards have
been in place since 1990, and only a single state, Arizona has
successful ly opted-in.

D. Al ternatives consi dered

1. Eval uation of Alternatives Considered - Anmong
the alternatives the staff considered were the retention of the
st andards approved by the Board in 1990, total harnonization with
the U S. EPA Phase 2 prograns, relaxing the standards for
residential equipnent, and elimnating the PM standard.

a. Retention of Tier 2 Standards - Staff rejected
the retention of the original Tier 2 standards because snmall off-
road engi ne technol ogy did not follow the path that was
envi sioned at the tine of adoption in 1990. Specifically,
nonhandhel d engi ne manuf acturers have not shown the technical
sophi sticati on necessary to achieve a 3.2 g/ bhp-hr HCHNOx | evel
in nost of the engines in the category. The handheld | evel s were
determned to be nore easily achieved, and staff’s proposal is
consistent with the original tier 2 levels.

b. Harnmoni zation with the U S. EPA Proposal - The
smal | off-road engine industry strongly supported harnoni zati on
with the U S EPA s proposed Phase 2 standards they agreed to
through Statenents of Principles; however, the US. EPA Phase 2
| evel s do not achieve sufficient em ssions reductions to warrant
adoption in California. As noted in the inventory section above,
the Phase 2 standards will cause a 6.0 tons per day shortfall
from equi pnent preenpted fromthe state’s authority.
Additionally, if California adopted the Phase 2 standards there
woul d be a further shortfall of 14.8 tons per day fromO-60 cc
equi prrent and 9.0 tons per day from equi pment greater than 60 cc,
as conpared to the staff proposal. A though the U S EPA
standards are insufficient to meet the SIP coomtnents, the staff
has attenpted to harnonize in other areas, such as certification
procedures and incentives for clean engines. Mich of the details
must be left until the U S EPA programis nore fully devel oped.
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C. Rel axati on of Standards for Residenti al
Equi prent - One conpany suggested that the ARBinstitute a
separate, less stringent standard for residential handheld
equi pnent. The proponents of this approach suggested that the
U S. EPA handhel d SCP woul d provide sufficient control of
residential equipnment, and noted that the snmall em ssions
inventory of residential equipnent and the econom cs of
controlling |l owpriced residential equi pment supported such a
distinction. However, that argunment is underm ned because
Ryobi ' s handhel d four-stroke engi ne has been offered in a
residential string trimrer for several years. Furthernore, other
alternatives, such as fuel-injected two-strokes, stratified-
scavengi ng two-strokes, and electric equipnent will be avail abl e.
An additional staff concern was that the preenption of
construction and farm equi pnent bel ow 175 hp severely limts the
em ssions reductions achi evabl e from comrerci al equi prent al one.
For these reasons, staff decided not to propose a nore | enient
standard for residential equipnent.

d. No PM standard - Al though PPENMA r ecommended
that the PMstandard be renoved entirely, the staff believes that
a nomnal standard is necessary to allow consistent inventorying
efforts, and to denonstrate that the issue has been addressed
definitively. However, staff’s proposal does relax the PM
standard to a nore realistic level and all ow conpliance to be
determ ned by neans ot her than expensive PMsanpling. Staff
bel i eves that its conprom se addresses industry’s prinary
concerns, which is that the existing Tier 2 PMstandard is
unrealistic and that PMshould not be the driving pollutant for
the small off-road engi ne regul ations.

2. Alternatives to | essen econom c inpact on small
business - As noted in the Additional Manufacturer Flexibility
section, the staff proposal specifically includes sone
consideration to | essen the inpact on small businesses directly
affected by the regulation. The staff proposes to allow
manuf acturers that produce | ess than 500 engi nes annually for the
California market to forego durability testing of prototype
engines. In addition, the use of credits and averagi ng nay nake
it possible for some snall vol une nmanufacturers to sinply
pur chase em ssion reduction credits frommanufacturers that can
nmore efficiently control em ssions.
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3. Conclusion - No alternative considered by the
agency woul d be nore effective in carrying out the purpose for
which the regulation is proposed or woul d be as effective or |ess
burdensone to affected private persons than the proposed
regul ati on.

At t achnent s



